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1. ABBREVIATIONS
ASA The American Society of Anesthesiologist´s Physical Status Grading
BMI body mass index (kg · m-2)
C cervical dermatome
CI confidence interval
CSA continuous spinal anaesthesia
CSE combined spinal-epidural
CSF cerebrospinal fluid
DHPP double-hole pencil-point spinal needle
DST double segment technique
ECG electrocardiogram
EPID epidural anaesthesia
G gauge
ID inner diameter
L umbar dermatome
LMWH low-molecular weight heparin
LSD least significance difference
NA not assessed
ns non significant
NSAID nonsteroidal anti-inflammatory drug
OD outer diameter
PDPH postdural puncture headache
POD postoperative day
PONV postoperative nausea and vomiting
s seconds
S sacral dermatome
SpO
2
haemoglobin oxygen saturation measured by pulse oximeter
SD standard deviation
SEM scanning electron microscope or –graph
SHPP single-hole pencil-point spinal needle
SPIN single-shot spinal anaesthesia
SST single segment technique
T thoracic dermatome
TNSs transient neurological symptoms
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83. ABSTRACT
Abstract
The use of neuraxial blocks for orthopaedic surgery
has increased rapidly during the last decades.  In
experienced hands these blocks are safe and reliable,
and major complications are extremely rare.  With
increasing popularity and demands, different kinds
of techniques and equipment have been developed.
In order to minimize any possible block
performance problems, to decrease the failure rate
and postoperative complications, as well as to make
the block performance simple and fast, several
modern adaptations of the needles and catheters
have become available. Whenever a new medical
device is introduced, it has to be tested and
compared with the familiar ones in controlled
studies to evaluate its usefulness in clinical practice.
The durability of these new modifications of the
equipment needs to be verified and microscopic
examinations are warranted.  Indeed, the tips of the
cutting spinal needle (Quincke-type) are frequently
damaged, which may give rise to some
postanaesthetic sequelae.  Tissue coring is also known
to be more profound with these Quincke-type
needles than with the pencil-point needles, but no
study comparing the two types of pencil-point
needles has been made in this respect..  The use of
pencil-point needles for single-shot spinal
anaesthesia (SPIN), as well as the microcatheter
technique for continuous spinal anaesthesia (CSA)
have been suggested to cause maldistribution of the
spinal anaesthetic in the subarachnoid space.  New
equipment, such as a pencil-point needle with two
distal openings, and macrocatheters, as well as a
special catheter-over-needle system for CSA have
been introduced to avoid maldistribution. A current,
and vividly debated technical question is whether
there are any advantages in performing the
combined spinal-epidural (CSE) block with a
needle-through-needle set in single interspace (SST),
or with the epidural and spinal needles in two
separate interspaces (DST).
The technical and clinical characteristics of
different equipment were evaluated in the present
study.  The durability of the equipment used for
different neuraxial blocks was also examined, and
the incidence of postoperative side-effects was
assessed as well.  A central goal of these studies was
to find the most suitable and the safest central block
technique and equipment for orthopaedic patients.
Recently, there has been a renewed interest in
complications of central blocks.  The incidence of
major side-effects has remained very low, but it has
not decreased either during the last fifty years.
However, it is believed that minor and transient
postoperative sequelae are easily underestimated and,
moreover, also nonanaesthetic factors should be
considered. Therefore, in order to evaluate any
causal relationship between block-related
occurrences and postoperative signs and symptoms,
a continuous and systematic prospective follow-up
study was performed in the present study.
This study included 3860 clinical patients and
four human cadavers.  All clinical studies were
prospective, and the comparative trials were
randomized and double-blinded.  In the
comparative studies, the equipment, patient
position and technical performance were
predetermined or exactly registered.  The sensory
level of analgesia was assessed by a blinded observer
in these studies.  Immediately after the block
performance, a preformulated special form was
filled in. Every patient was interviewed on the first
postoperative day, and most of them were handed
a questionnaire to be returned after 1-2 weeks.
Finally, a light microscopic examination was
performed of the used equipment.  Those needles
and/or catheters which were found distorted were
further subjected to scanning electron microscopy.
The backflow of cerebrospinal fluid through the
26-gauge double-hole needle was faster (2.4 s) than
through the the 27-gauge needle with a single
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opening (3.5 s), but the spread of analgesia was
similar with the use of these needles.  The
continuous spinal techniques were in part difficult
to handle and the failure rate varied from 10 % to
37 %, the highest being associated with the use of
the catheter-over-needle set.  Therefore, continuous
spinal as well as combined spinal-epidural
techniques should be used only by those having
enough experience of the spinal and epidural blocks.
Microscopic examinations showed manufacturing
defects in some unused spinal needles, particularly
in those of the double-hole design, and in the
catheters belonging to the catheter-over-needle set,
possibly making them more vulnerable to distortion
due to hitting bony structures.  6-14 % of the 27-
gauge Quincke-type needle tips were distorted, even
bent or hooked due to bone contact, but without
causing any clinical harmful side-effects.  Tissue
coring, examined in the cadaver spinal puncture
study, was also more prominent with the Quincke-
type needles.  Sprotte-type needle tips were very
resistant to such a damage, whereas 20 % of the
sharp conical Whitacre-type needle tips were
blunted.  The prospective follow-up study of 3230
patients revealed a high incidence of postoperative
minor sensory disturbances (32 %). In addition,
one third of the patients reported strong
postoperative pain at the operation area.  However,
the postoperative signs and symptoms were not
observed to be related to any problems during the
block performance.  They were merely associated
with the long tourniquet time and the lateral patient
position during surgery.
It is concluded that some modern equipment
designed for central neuraxial blocks is quite
vulnerable to damage during the block
performance.  Technical problems with some new
devices seem to occur relatively often, possibly
causing an increased risk of failure.  Fortunately,
any clear relationship between neurological sequelae
and technical problems or equipment damage could
not be demonstrated, and nonanaesthetic causes,
such as surgery, patient positioning and use of
tourniquet, should be considered as their origin.
Finally, in order to detect and become aware of all
postoperative untoward signs and symptoms a
regular regional anaesthesia follow-up system is
recommended.
10
4. INTRODUCTION
Introduction
The first clinical spinal anaesthesia was performed
by  August Bier in 1898 (Bier 1899). In the
beginning, rather thick (outer diameter varying
between 0.6-1.2 mm), cutting needles (Quincke
1891) were used, and noncutting pencil-point
needles were developed not until after the middle
of the 1950s (Hart and Whitacre 1951, Sprotte et
al. 1987). In order to increase their strength, all these
needles have been redesigned, and slightly different
modifications are produced by different
manufacturers. With improving technology, the
spinal needles have become thinner and thinner, and
the incidence of postdural puncture headache
(PDPH) has been shown to be lower when the hole
in the dura mater has been smaller (Greene 1926,
Franksson and Gordh 1946, Vandam and Dripps
1956).  Some totally new ideas concerning the
design of the tip or the shaft of the needles have
also been described in recent years, but without
having attained any greater interest among
anaesthesiologists so far (Scott et al. 1993, Eldor
1996, Aguilar 1997, Jahangir 2000).
With the development of spinal needles, research
has focused also on their feasibility and durability,
as well as on some possibly equipment-related
postanaesthetic sequelae.  Indeed, in about 15 %
the tip of Quincke-type needle has been shown to
be distorted during the performance of a lumbar
puncture, but this did not cause excessive dural
lesion (Jokinen et al. 1996).  Moreover, when
studied under a microscope, there appear to be more
frequent manufacturing defects in the Quincke-type
needles compared to the  pencil-point needles
(Parker et al. 1997).  However, the consequences
of using a spinal needle with a bent or hooked tip
are still under debate.
The spinal needle may carry foreign material,
including tissue particles and disinfectant solution,
into the subarachnoid space. Tissue coring has been
shown to occur quite commonly, and the damaged
needle tip seems to attach large particles more easily
than intact tips (Rosenberg et al. 1996).  The clinical
relevance of this phenomenon is doubtful but
recently its importance has been reappraised because
of the suggested causal relationship between
epidermoid spinal tumours and the lumbar
puncture (Reina et al. 1996).  Although being
observed to be most frequent with the cutting
Quincke-type needle (Campbell et al. 1996), the
incidence and magnitude of tissue coring have not
been compared between the two most common
pencil-point designs, i.e. the rounded conical
Sprotte-type versus the sharp conical Whitacre-type.
The distribution of local anaesthetic injected into
the subarachnoid space is determined by many
factors (Greene 1985), including technical aspects.
The use of pencil-point needles, with an opening
on the side near the tip, has been suspected to cause
an uneven spread of the injected local anaesthetic, a
possible reason of inadequate anaesthesia and,
perhaps, of neural irritation (Beardsley et al. 1995).
In order to avoid this maldistribution, a double-
hole pencil-point needle has been introduced (Eldor
1996).  Only a few studies have investigated this
modification (Tryba et al. 1996, Palas 1997), and
many more are required to test its usefulness or
proposed benefit in clinical practice.  Due to the
two distal openings, the flow characteristics, as well
as technical quality of this new product in clinical
use needs to be confirmed.
Non-intended maldistribution of local
anaesthetic may also occur due to an unintentional
caudal direction taken by the intrathecal catheter
used for CSA (Lambert et al. 1991, Ross et al.
1992).  It has been shown that a thin 28-gauge
spinal catheter frequently turns caudad when
advanced more than 2-3 cm in the subarachnoid
space (Standl et al. 1993).  The available limited
information suggests that  microcatheters (28-gauge
or thinner) tend to have a higher risk of being placed
in the caudal direction than  macrocatheters (20-
gauge or thicker) (Van Gessel et al. 1993, Denny
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and Selander 1998). The most recent technique for
CSA is the catheter-over-needle technique, the
preliminary studies of which have been encouraging
(Möllmann et al. 1996, De Andrés et al. 1999,
Muralidhar et al. 1999). However, additional
prospective studies are required to evaluate its clinical
use, and the occurrence of any possible material
damage.
Nowadays, CSE block is commonly performed
with a single segment technique (SST) which,
however, includes some controversial problems,
such as failure of the spinal component, epidural
catheter migration, extensive spread of the block
and potential material damage (Rawal et al. 1997).
In order to avoid some of these problems, new
special CSE sets have been produced (Cook 2000).
The manufacturers have responded fast and several
more or less complicated CSE equipment sets are
commercially available. The feasibility and
usefulness of new techniques and devices cannot be
fully appreciated until a sufficient number has been
tested in clinical practice (Rosenberg 1998).
Different SSTs have been widely investigated but
there are only a few studies comparing SST with
DST (Lyons et al. 1992, Casati et al. 1998).  In
order  to evaluate the usefulness, reliability and safety
of each technique, as well as the durability of
equipment, further prospective comparative studies
are needed.
Major complications are extremily rare after a
neuraxial block, but each case is surely a catastrophy.
The incidence of permanent neurological defects
(0-0.13 %) seems to have remained unchanged
during the last fifty years (Dripps and Vandam
1954, Dahlgren et al. 1995, Auroy  et al.1997,
Horlocker et al. 1997).  However, minor and
transient sequelae are easily underestimated because
of an inadequate follow-up of the patients.
Furthermore, a causal relationship is usually
difficult to confirm, and also non-anaesthetic factors
should be considered (Renck 1995).  Therefore, in
order to evaluate different block performance
procedures and all postoperative untoward signs and
symptoms, a continuous follow-up system of all
patients is required.
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5. REVIEW OF THE LITERATURE
5.1 SINGLE-SHOT SPINAL
ANAESTHESIA
5.1.1 Spinal needle design and size
Currently three different types of spinal needles are
used. The Quincke-type needle, being described
over one hundred years ago (Quincke 1891), is
preferred by many anaesthesiologists still today.
This needle has a sharp point with a cutting bevel.
The blunt pencil-point needles have become
increasingly popular because they do not cut but
merely separate dural fibres as compared with the
cutting bevel needles. There are two types of pencil-
point needles.  The design and use of the Whitacre
needle was reported in 1951 (Hart and Whitacre
1951) and that of the Sprotte needle in 1987
(Sprotte 1987).  The original version of the Sprotte-
type needle had a larger opening at the side of the
needle when compared to the Whitacre-type needle,
and the tip of the former was more smoothly
curved.  In later years, these designs have been
modified by different manufacturers, and especially
the Sprotte-type needle was redesigned in 1993.
The orifice was moved closer to the needle tip, and
the overall orifice length was decreased in order to
improve the strength and increase the CSF
backflow rate (Currier 1996).  In a large prospective
study, the 25-gauge Sprotte-type needle was shown
to be very useful in clinical practice, regarding the
puncture characteristics, failure rate and incidence
of PDPH (Krommendijk et al. 1999).  The pencil-
point needles pierce the dura with a clearly sensed
“click“, being a helpful sign of correct needle
placement.  Such sensation rarely occurs with the
Quincke-type needles (Rosenberg 1998).
Because of historical reasons, the size of the spinal
needle is still measured by using caliber gauges,
which originated from the iron industry a long time
ago.  Gauges are measured and described in fractions
of an inch, according to the old British Standard
Wire Gauge specification (Pöll 1999).  The gauge
number increases as the needle gets thinner, but the
sequence of the sizes of a gauge is not linear. A gauge
is not one defined size or thickness and, therefore,
the metric outer diameter of needles of a certain
gauge are not exactly the same, even in the products
of the same manufacturer.  However, some
approximation may be given, a 22-gauge needle
being 0.71 mm in outer diameter on the metric
scale, a 25-gauge needle 0.51 mm, a 26-gauge needle
0.46 mm, a 27-gauge needle 0.42 mm and a 29-
gauge needle 0.35 mm.  In the beginning, the spinal
needles were about twice as thick as the modern
needles, and an obturator stylet was not used.  With
increasing knowledge about the dural hole and the
incidence of PDPH, thinner spinal needles with a
stylet were produced later.  It was observed that the
use of a stylet ensured the patency of the needle,
and decreased the risk of introducing tissue particles
into the subarachnoid space (Lemmon and Hager
1944, Halcrow et al. 1985).  Nowadays, a stylet is
included in all types of spinal and epidural needles.
Another technical advancement of the late 1950s
was the production of polished thin tubes (steel)
from which disposable spinal needles could be
manufactured.  A previous use of non-disposable
needles meant a risk for infection or contamination
by disinfectants.  All the spinal needles used today
are thus disposable.
5.1.2 PDPH and dural hole
For many decades, the postdural puncture headache
(PDPH) has been considered to be caused by the
leakage of CSF out through the dural hole
(Franksson and Gordh 1946).  In order to minimize
the dural lesion during the puncture, finer spinal
needles with a noncutting pencil-point tip have
been developed.  According to many comparative
studies, and a large meta-analysis, there is evidence
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that both the needle size and the tip design influence
the incidence of PDPH (Halpern and Preston
1994).  However, only a few studies have been made
comparing different designs of thin needles (27-
gauge), the results of which have been variable
(Lynch et al. 1994, Corbey et al. 1997).  A combined
clinical study and a meta-analysis, showed that a
pencil-point needle significantly reduces PDPH
compared to the Quincke-type needle, also when
thin 27-gauge needles are used  (Flaatten et al. 2000).
Furthermore, multiple puncture attempts have been
observed to be associated with an increased frequency
of PDPH, supporting the view that the leakage of
CSF through the dural tear is a cause of PDPH
(Seeberger 1996).  To evaluate the amount of this
CSF flux after dural puncture, various spinal canal
models, as well as microscopic and radiological
investigations have been performed. Some of these
studies indicate this leakage to be the smallest with
pencil-point needles (Lieberman et al. 1971, Iqbal
et al. 1995, Holst et al. 1998). For many decades,
it has been assumed that parallel rather than
transverse direction of the cutting bevel of the
Quincke-type needle causes fewer dural fibers to
be broken during the puncture (Labat 1930).  Some
later studies have also shown that the orientation
of this kind of spinal needle influences the size of
the dural hole and the incidence of PDPH (Mihic
1985, Flaatten et al. 1998).  Moreover, it has been
suggested that the parallel direction of the bevel
should be maintained during the needle removal as
well (Corbey et al. 1997). However, there seems to
be some conflicting results in this respect
(Cruickshank et al. 1989, Casagran et al. 1992).  It
has to be emphasized, however, that the magnitude
of CSF leak is not necesserily related to PDPH.
This posture dependent headache may also occur
with only minimal leak through the dural hole.
Therefore, some alternative mechanisms, such as
arachnoiditis caused by mechanical or chemical
irritation have to be considered, and indeed, the
pathophysiology of PDPH needs to be re-evaluated.
The dural fibers were earlier considered to be
situated longitudinally and, therefore, it was thought
that a cutting needle creates a typical “tin-lid“ hole
in the dura. A pencil-point needle, on the other
hand, should merely push the fibers away without
cutting them.  However, scanning electron
microscopic (SEM)  examination of the human dura
mater has revealed that a significant number of the
dural fibers run neither in a longitudinal direction
nor are arranged in a parallel fashion (Fink et al.
1989, Reina et al. 1997).  Furthermore, SEM
studies have shown that the shape of the hole made
by an atraumatic spinal needle has a rounder and
smaller aperture than the hole made by a cutting
needle (Sami et al. 1989).  At the end of 1980s, the
puncture hole in the lumbar dura mater was
thoroughly examined by SEM, and it was observed
that the orientation of the Quincke-type needle did
not affect the size of the dural hole, and that the
shape was, in fact, either round or elliptical
(Dittmann et al. 1988).  Another SEM-study
indicated that the Whitacre-type needles produced
a more traumatic dural lesion when compared to
the Quincke-type needle (Reina et al. 2000). There
was no difference in the cross-sectional area of these
holes, however.  The authors suggested that the
lower incidence of PDPH after the use of pencil-
point needles might be the result of an “oedematous
plug“, formed after more severe inflammatory
reaction of blunt trauma to the dura.  Therefore,
the assumption concerning the CSF loss and PDPH
cause-and-effect relationship was questioned.  The
structure of randomly organized collagen fibers of
the dura was also confirmed by a study showing
that the dura was not excessively torn even when
punctured with a spinal needle having a verified
damage of its tip (Jokinen et al. 1996).
5.1.3 Needle deflection
Because of the positive relation between PDPH and
the needle gauge, the use of extremily fine-gauge
needles (29-32 gauge) has been advocated.
However, these needles have been shown to be
difficult to handle and do not maintain their
directional stability during the puncture yielding a
high failure rate (Frumin 1969, Carrie et al. 1991).
The identification of a free flow of CSF is also more
difficult.  In order to minimize the deflection of
these ultrathin needles, the use of an introducer
needle is recommended.  Indeed, these needles are
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mainly used with a SST for CSE block in obstetric
patients.  Thereby, the problem of deflection can
be avoided (epidural needle acting as a long
introducer), and the incidence of PDPH may be
minimized.   Nowadays, the most commonly used
spinal needle sizes are 25- and 27-gauge.  These thin
needles are also associated with an increased risk of
placement failure as a result of deflection and
bending.   According to comparative studies, needle
deflection is more common with the cutting
Quincke-type needles than with the noncutting
pencil-point needles. Furthermore, the magnitude
of this deflection has been found to be related to
the needle size and tip bend (Kopacz et al. 1995,
Sitzman et al. 1996).  The bevelled needles tend to
deviate toward the leading point tip of the tip and,
therefore, the condition of the needle tip after bony
contact may be an important factor for failure.
The use of an introducer needle may be assumed
to decrease this kind of deflection during a lumbar
puncture.  The orientation of the Quincke-type
needle during the insertion can also be important
in this respect.  It is recommended that the bevel of
the needle should be perpendicular to the long axis
of the dura when entering the skin.  After substantial
depth has been advanced, this needle is then rotated
90 degrees before piercing the dura.  With this
technique the spinal canal is most probably easier
to find because the phenomenon of deflection is
avoided.
5.1.4 Needle deformation
Manufacturing defects have been observed in as
many as 24% of the Quincke-type needles, being
much less frequent (6%) in the Whitacre-type
needles (Parker et al. 1997).  In the former, the
length of the stylet was too short or long for the
needle.  When the stylet protrudes over the needle
tip, this needle is surely quite traumatic to the
subarachnoid structures, causing bleeding or
possibly neurological complications. Inconsistencies
were also noted with the pencil-point needle
including an irregular orifice, a blunt tip and some
metal fragments.  The authors suggested that the
spinal needle tip condition and variations in the
manufacturing process could be a contributing
factor to the occurrence of PDPH after the spinal
anaesthesia.  Therefore, it is finally the moment to
set standards for spinal needles in order to avoid
these manufacturing defects, which at worst may
cause even some deleterious consequencies to the
patients.
The distortion of the needle tip is more frequent
with the thin Quincke-type needles when compared
to the pencil-point tips.  The former have been
shown to be bent or even hooked in 15-24 % of
cases (Jokinen et al. 1996, Benham 1996, Parker
et al. 1997).  This tip damage was found to occur
mainly with the thin 25-26 gauge needles and,
clearly, thicker needles (22-gauge) were found to
be more resistant to this phenomenon.  Some of
these studies revealed that the occurrence of bone
contact(s) during the spinal puncture was  related
to an increased incidence of microscopic tip damage
as expected (Jokinen et al. 1996, Parker et al. 1997).
In another study, in which the pencil-point needles
were observed to be distorted as well, the tip damage
was not related to impact on bone (Benham 1996).
The importance of the severe deformation of the
needles (Chaney et al. 1993) should be evaluated
in order to give some safety alerts already during
the puncture attempts, such as whether it is
necessary to change the spinal needle to a new one
if the initial one hit the bone. Therefore,
microscopic studies concerning the durability of
different spinal needles, as well as follow-ups of the
patients are essential (Lipov et al. 1994). It has to
be reminded that durability studies may be
performed as in vitro tests as well.
5.1.5 Tissue coring
The clinical relevance of tissue coring is unsettled
but as an extreme example, over one hundred case
reports of spinal epidermoid tumours have been
presented and a causal relationship has been
proposed despite the very low incidence (Reina et
al. 1996).  Therefore, the importance of this
problem needs to be re-estimated.  This
phenomenon has been known for many decades,
one of the earliest reporting some iatrogenic
intraspinal, lumbar epidermoid tumours in patients
with a history of multiple subarachnoid punctures
15
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(Choremics et al. 1956).  Tissue particles and
disinfectant solution may be carried intrathecally
with the spinal needle. This phenomenon was, in
fact, shown to be surprisingly common (75 %),
and it was suggested to cause chemical
contamination and being possibly associated with
PDPH (Brandus 1968).  Recently, tissue coring has
been shown to occur also with the thin spinal needles
even with the stylet in place. The largest particles,
consisting of clusters of epithelioid cells and
erythrocytes, were attached to the cutting Quincke-
type needle tips, and because of not having a stylet,
the introducer needle did not seem to reduce this
tissue coring (Rosenberg et al. 1996).  In another
microscopic examination these tissue particles
disappeared when flushing the needle with the local
anaesthetic solution (Campbell et al. 1996).  In
order to avoid a subarachnoid contamination, it was
recommended by Campbell et al. that several drops
of CSF should be allowed to escape from the needle
hub before administering the local anaesthetic.
Although being less frequent, attachment of tissue
fragments was evident also when pencil-point
needles were used (Campbell et al. 1996).
However, the two different noncutting designs -
Sprotte and Whitacre - have not been compared in
this respect.
5.1.6 Spread of anaesthesia
In general, the spread of the local anaesthetic
injected into the subarachnoid space is difficult to
predict (Greene 1985, Tuominen 1991, Stienstra
et al. 1998).  Several factors may affect the
distribution of the local anaesthetic within the
subarachnoid space (Greene 1985, Tuominen
1991). Among possible technical factors influencing
the primary distribution of a subarachnoid injectate,
are the direction of the needle and its bevel, as well
as the rate of injection.  The conventional Quincke-
type needle has its opening at the end of the needle,
causing the injectate to flow out in a straight axial
direction.  On the other hand, from pencil-point
needles, having the opening on their side, the flow
of the injectate is directed approximately 45 degrees
from the longitudinal axis of the needle (Urmey et
al. 1997).  Therefore, the latter  may  cause an uneven
spread of the local anaesthetic in particular when
hyperbaric solutions are used. An accumulation
(pooling) of the local anaesthetic in contact with
the nervous tissue may induce neurotoxicity with
transient or permanent complications (Schneider
et al. 1993, Loo and Irestedt 1999). The transient
neurological symptoms (TNSs), earlier called
transient radicular irritation (TRI), are clearly
associated with the lithotomy position, the
outpatient status and the use of lidocaine
(Freedman et al. 1998). Interestingly, even with
relatively large doses of bupivacaine in spinal
anaesthesia, TNSs rarely occur (Tarkkila et al. 1996,
Pleym et al. 1997).  With the use of a spinal canal
model, it has been shown that a caudad needle
direction and a slow rate of injection through a
Whitacre-type spinal needle may lead to the pooling
of the local anaesthetic in the sacral area (Beardsley
et al. 1995).  In that particular study, the
distribution of the local anaesthetic following fast
injections was similar for all needle designs.  Some
clinical studies have shown that if the Whitacre-
type needle aperture is directed cephalad, a higher
sensory level of analgesia will result as compared to
an injection with the aperture facing caudad (Neigh
et al. 1970, Urmey et al. 1997).  This has not been
confirmed in all studies (Massé et al. 1997).
Aiming at minimizing the problem of
maldistribution or uneven distribution, a double-
hole pencil-point (DHPP) needle was developed
(Eldor 1996).  This needle is composed of a blunt
ogival tip and two circular holes opposing each other
just proximal to the tip. The distribution of local
anaesthetic flowing into the subarachnoid space
from two holes has been suggested to be more
diffuse  when compared to the single-hole pencil-
point needles (SHPP).  The results of only a few
clinical studies have been reported (Tryba et al.
1996, Palas 1997).  There was no difference in the
dermatomal spread of the spinal anaesthesia given
by the 26-gauge DHPP needle and a 25-gauge
SHPP needle.  However, the patient materials
studied are quite small and neither the injection rate
nor the interspace for the puncture were controlled.
Because of two holes, the backflow of CSF through
the DHPP needle may be quicker than that of the
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SHPP needle. A rapid backflow is helpful for the
identification of the correct needle placement, but
these flow-rates have not been compared in earlier
studies.  Whether the flow characteristics inside the
DHPP needle are advantageous, too, have not been
established either.  It has been shown earlier that
the needles of the same gauge do not necessarily
have the same flow rate, probably because of the
variability in the inner diameter (Abouleish et al.
1994).
5.1.7 Recent modifications of spinal
needle
In order to minimize the risk of PDPH, some new
spinal needle designs and tip modifications have been
recently introduced.  A sharp needle with a two-
zone bevel tip (Atraucan®, B. Braun, Germany) was
introduced in order to minimize the risk for PDPH,
and to decrease the force required to perform the
puncture.  During advancement, the tip of this
needle initially causes a small incision followed by
dilatation.  The preliminary  results have been
encouraging but without a lower incidence of
PDPH or failure rate (Scott et al. 1993).  The tip
of this design has been observed to be vulnerable to
distortion when bone is met (Rosenberg et al.
1996). The incidence of tip damage is similar to
the Quincke-type spinal needles. Another new spinal
needle design having a thicker shaft for stability
reasons was described in 1997 (Aguilar 1997).  It
has a 22-gauge shaft, whereas the last 10 mm of
the distal part penetrating the dura is thinner (27-
gauge). The use of an introducer needle is
recommended to avoid the damage of the tip.
Controlled studies with this needle are still lacking.
The most recent design to avoid PDPH, as well as
needle bending is called a tip-holed spinal needle
(Lierz et al. 2000, Jahangir 2000).  There are 22-,
25-, and 27-gauge needles available of this design.
A pencil-point stylet extending beyond the tip of
the needle is used for the dural puncture, and is
then removed for the verification of free CSF flow
and the injection of the local anaesthetic.
5.2 CONTINUOUS SPINAL
ANAESTHESIA (CSA)
5.2.1 Background
A continuous technique for spinal anaesthesia
(CSA), using a spinal needle left in place was first
introduced in 1907 (Dean 1907). A malleable needle
was introduced in 1939. This needle could be left
in place, allowing intermittent injections of a local
anaesthetic into the subarachnoid space via a rubber
tube (Lemmon 1940). A catheter technique was
not described until 1944 (Tuohy 1944).  Initially
an ureteral catheter was inserted into the
subarachnoid space via a 15-gauge Huber point
needle.  As mentioned by Tuohy (1944), already in
those days, there was concern about the direction
of the catheter in the spinal canal.  However, in
1950 the CSA technique, applying also somewhat
thinner needles and catheters, was reported to
involve technical difficulties, such as a high
incidence of paraesthesia and a low success rate
(Dripps 1950).  The incidence of PDPH was
demonstrated to be 10-16 % after using relatively
thick needles (16-21-gauge) for inserting the spinal
catheter (Brown 1952, Giuffrida et al. 1972). The
fact that CSA in the 1940s and 1950s involved a
great risk of PDPH and a potential risk for
neurological complications, discouraged the use of
CSA for more than 30 years.
5.2.2 Microcatheter technique
Initially CSA was used mainly for elderly patients
undergoing a long-lasting operation, because of the
feared high incidence of PDPH.  In order to
minimize this risk and to make CSA feasible also
for younger patients, microcatheters were developed
in the late 1980s.  The first study included the initial
evolution of a 32-gauge polyimide spinal catheter
(Hurley and Lambert 1990).  The incidence of
PDPH was only 4%, but the technique was
associated with many technical problems.  In
subsequent studies, the use of the ultrathin catheters
was found to be related to more frequent technical
difficulties, catheter damage and failure rates when
compared to a 22-gauge catheter (Silvanto et al.
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1992, Pitkänen et al. 1992, De Andrés et al. 1994).
In 1992 the U.S. Food and Drug Administration
forbade the use of spinal catheters smaller than 24-
gauge, because of the appearance of several cauda
equina syndromes after the administration of
hyperbaric local anaesthetic through a thin catheter
(Rigler et al. 1991, Schell et al. 1991). Most of
these patients received a total dose of lidocaine, being
much greater than that usually administered with a
single-shot spinal technique. In an experimental
study, investigating the spread of a local anaesthetic
with spinal catheter technique, it was concluded that
factors affecting the spread of a local anaesthetic in
the spinal canal, assumed to be relevant to
neurotoxicity-induced cauda equina, include the
catheter diameter, tip position, tip configuration,
injection rate and baricity of the local anaesthetic
solution (Rigler and Drasner 1991). Thin 26-gauge
and especially 28-gauge polyurethane and nylon
microcatheters remained in use in Europe (Petros
et al. 1993, Denny and Selander 1998), but at the
same time thicker 22-24-gauge catheters, as well as
epidural catheters continued to be used for CSA in
elderly patients undergoing hip or knee arthroplasty
(Horlocker et al. 1997).
The position of the spinal catheter tip after
insertion is highly unpredictable (Standl and Beck
1993).  The length of the catheter insertion appeared
to be an important factor affecting the direction of
the catheter, for which reason it was recommended
not to advance the catheter more than 2-3 cm into
the subarachnoid space. Microcatheters (28-gauge)
possess a higher risk of caudal placement than 22-
gauge spinal catheters (Van Gessel et al. 1993,
Denny and Selander 1998).  In order to avoid the
caudad catheter malposition, the insertion through
Sprotte-type needles with the orifice directed
cranially has been proposed (Standl et al. 1995).
The position of the catheter tip has been shown to
be the most important determinant influencing to
the spread of local anaesthetic in the spinal canal
(Standl and Beck 1993, Biboulet et al. 1998).  The
time to onset of analgesia is faster and the dose
requirement smaller when the catheter tip is directed
cranially or has remained at the level of the puncture
than when it is directed caudad.
5.2.3 Macrocatheter technique
In order to improve the technical performance and
stability of the catheter, 20-24-gauge polyurethane
and nylon catheters are still widely used for CSA
(Horlocker et al. 1997, Denny and Selander 1998).
In fact, standard epidural equipment may be used
to perform CSA.  These macrocatheters are
expected to be easier to handle and having a lower
risk of caudad positioning when compared to
thinner microcatheters.  Thereby, the incidence of
the local anaesthetic maldistribution, as well as
inadequate blocks might be lower.  However,
controlled comparative studies in this respect are
lacking.
The experience with spinal macrocatheters in
young and middle-aged adult (<60 years old)
patients is still limited (Giuffrida et al. 1972,
Horlocker et al. 1997). Because of a suspected high
incidence of PDPH, the macrocatheter technique
is today mainly used for elderly patients undergoing
major knee or hip surgery.  In order to reduce the
risk for PDPH, a new catheter-over-needle system
has recently been tested (Möllmann et al. 1996)
(Fig. 1).   The 27-gauge Quincke-type spinal needle
connected to a thin wire is covered by a 22-gauge
nylon catheter, leaving the tip of the needle free.
After inserting a Crawford-type needle into the
epidural space, the catheter-over-needle system with
a covered spinal needle is advanced as far as to pierce
the dura as verified by a free flow of CSF.  Thereafter,
the catheter is introduced 2-3 cm further and the
spinal needle is pulled out leaving the catheter in
the subarachnoid space.  This technique has been
suggested to minimize the risk of PDPH by
reducing CSF leakage between the catheter and the
edges of the puncture hole.  After removal of the
catheter later on in the postoperative period, a local
inflammatory swelling of local tissue structures is
thought to close the hole in the dura (Denny et al.
1987).  Some encouraging preliminary studies have
been published (Holst et al. 1998, Muralidhar et
al. 1999, De Andrés et al. 1999).  Compared to a
28-gauge microcatheter technique, no major
differences regarding technical difficulties or success
rate were reported. According to a scanning electron
microscopic examination, the 22-gauge catheter-
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rate of CSA is usually less than 5 % but the reported
range varies between 0 % and 16 % (Denny and
Selander 1998).  In the review by Denny and
Selander (1998) the average failure rate was similar
between 20-gauge (0-5.1 %) and 28-gauge (0-4.4
%) spinal catheters.  In contrast, the overall failure
rate for 32-gauge microspinal catheters was 17 %.
Catheter insertion difficulties are reported in 4.5 -
20 %, but this problem is usually solved by slightly
withdrawing the needle, as recommended
(Möllmann et al. 1993).  When wide 18-gauge
spinal catheters were used the incidence of the
appearance of blood-tinged CSF was 37.9 %
(Dripps 1950).  A recent retrospective study of the
use of 20-28-gauge spinal catheters revealed the
frequency of blood-tinged CSF to be only 8.3 %
during the block performance (Horlocker et al.
1997).  It might be speculated that wider needles
and catheters are more traumatizing than the finer
ones but, however, minor haemorrhage into the
CSF may not be visible to the naked eye.
Microscopic analysis of the CSF showed fresh
erythrocytes (more than 100 x 106 l-1) in the CSF
in 26 % of patients when a 22-gauge epidural
catheter was introduced through a 19-gauge Tuohy
needle for CSA (Lindgren et al. 1995).  The last
CSF sample in that particular study was drawn on
the first postoperative morning. According to their
definition, the CSF sample containing 1000 x 106
l-1 erythrocytes or more were macroscopically
(visually) blood-tinged.  During the block
procedure the incidence of this amount of bloody
CSF was only 6 %.  Paraesthesias elicited by the
CSA technique occur at a frequency of 17.2 %
which is more frequent than when the single-shot
spinal technique is used (Horlocker et al. 1997).
Bone contacts associated with the puncture and
catheterization in the CSA technique do not seem
to have been specifically evaluated.
There are only a few studies concerning the use
of a spinal catheter for the postoperative pain.
Technical problems including catheter kinking,
obstruction and breakage, as well as disconnection
from the filter occurred in 30-40 % of the patients,
especially so when a 28-gauge catheter was used
(Niemi et al. 1993 and 1994).  Technical problems
are especially common when 32-gauge catheters are
used (Silvanto et al. 1992).  The wider 22-gauge
spinal catheters are more reliable in this respect.  In
one study of 28-gauge catheters, the 24-hour
postoperative continuous infusion had to be stopped
in only 3.3 % of cases because of a technical reason
(Bachmann et al. 1997). In another study providing
successful postoperative pain relief by using  28-
gauge catheters for bolus injections every four hours,
technical troubles occurred in 4 %, due to
connector dislodging and catheter kinking (Standl
et al. 1995).
5.2.5 Equipment durability and
contamination
The ultrathin 32-gauge catheters may be broken
during their removal (Hurley and Lambert 1990).
In an experimental study, the tensile strength of 24-
32-gauge spinal catheters proved to be only one-
third to one-half of that found for a typical 20-
gauge polyamide epidural catheter (Ley and Jones
1991). In a microscopic study of clinically used
catheters, 28-32-gauge polyurethane catheters were
observed to be considerably stretched at the time
of their removal (Pitkänen et al. 1992).  Nylon
and polyimide catheters with a permanent steel stylet
were resistant to such a damage.  Fibrinous particles
were seen on the tips of the catheters made of all
materials.  Because of technical difficulties and
obvious vulnerability to breakage, the 32-gauge
spinal catheters were abandoned already some five
years after their initial clinical testing.  According
to a few case reports, also thicker (24-gauge or more)
catheters may become damaged during the block
performance making them exposed to breakage
during removal (Sprung et al. 1994).  When
considering equipment properties and possible
untoward consequences of their use, one should bear
in mind that, even when handled under sterile
conditions, catheter tips may become contaminated
by  powdered gloves or by disinfectant agent on
the patient´s back (Ramajoli et al. 1999).
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5.3 COMBINED SPINAL-
EPIDURAL ANAESTHESIA (CSE)
5.3.1 Background
The first version of the combined spinal-epidural
(CSE) technique was introduced by Soresi in 1937.
It consisted of an initial injection of local anaesthetic
into the epidural space and then, after further
advancement of the needle, into the subarachnoid
space through the same spinal needle.  It was not
until 1979 that the double-segment technique
(DST) was described (Curelaru 1979).  With this
technique an epidural catheter is inserted first and
then a spinal puncture is performed at a lower
vertebral interspace.  The single segment technique
(SST) is a  needle-through-needle technique
described in 1982 (Coates 1982, Mumtaz et al.
1982) by which an epidural catheter is inserted
following a subarachnoid puncture and an injection
of a local anaesthetic.
The use of CSE anaesthesia has become
increasingly popular because of the combined
advantages of both the subarachnoid block and the
epidural block. Spinal block offers rapid onset of
action, reliable surgical anaesthesia and good muscle
relaxation, while the insertion of an epidural
catheter offers the option of extending the block
for surgery and of providing postoperative analgesia.
Particularly, in obstetric and orthopaedic patients,
the advantages of CSE are obvious (Holmström et
al. 1993, Thorén et al. 1994).  The CSE block has
been shown to provide better surgical anaesthesia,
as well as a lower risk for hypotension when
compared to the single-shot spinal block (Rawal et
al. 1988). The CSE technique has also been used
for the control of labour pain and, e.g. in the study
by Collis et al. (1995), patient satisfaction after CSE
was greater than after traditional epidural analgesia.
Two recent reviews (Rawal et al. 1997, Cook
2000) of the CSE technique present somewhat
varying conclusions.   According to the former, the
needle-through-needle single segment technique is
safe and reliable, almost without any risk of severe
complications (Rawal et al. 1997).  In the latter
review a more cautious attitude is taken, and this
technique was described as involving a risk of some
side-effects, such as PDPH and failure, and potential
complications such as an extended block and
bacterial contamination (Cook 2000). In both
reviews, it is recommended that CSE technique
should be used only after adequate training by those
who are already experienced in performing spinal
and epidural blocks.
5.3.2 Present CSE techniques
Presently the SST is gaining increased popularity,
but also the DST is still widely used.  In the former,
a long spinal needle is advanced through the epidural
needle to puncture the dura. After the administration
of the subarachnoid local anaesthetic, the spinal
needle is removed and the catheter is introduced
into the epidural space.  This single puncture
technique has been suggested to possess some
controversial problems, part of which have been
evaluated and already solved (Cook 2000). The
technical development has been rapid and there are
numerous new different CSE sets commercially
available.  Regular spinal needles, particularly those
with the orifice on the side of the tip, have
occasionally been found too short for a
subarachnoid puncture.  An important
improvement is the extra-long spinal needle, which
protrudes about 13-17 mm past the epidural needle
tip (Joshi et al. 1994, Vandermeersch 1996). Earlier,
with the use of standard equipment, the epidural
needle was rotated 180 degrees in order to direct
the catheter away from the dural hole made by the
spinal needle.  However, the rotation of the Tuohy
needle, while being in the epidural space, has been
shown to increase the risk for a dural tap
(Meiklejohn 1987).
A practical modification of the SST is the CSE
set including a separate opening, a so called
“backeye“, at the curved Huber tip of the Tuohy
epidural needle for the passage of the spinal needle
(Fig.2). The epidural catheter is automatically
directed away from the dural puncture hole, and
the risk for subarachnoid placement of the epidural
catheter is presumed to be low with this set (Lifscitz
et al. 1992, Joshi et al. 1994).  Recently this
particular set was improved further by coating the
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performed before the insertion of the epidural
catheter.  Because of the dural hole made by the
spinal needle, there seems to be a risk for epidural
catheter migration intrathecally.  This should be
considered as a very serious complication because
failure to recognize this misplacement of the catheter
may cause even life threatening situations. However,
the result of an epiduroscopic examination in
human cadavers suggests that the risk for intrathecal
migration of the epidural catheter is quite low
(Holmström et al. 1995).  In that study, the
incidence of subarachnoid epidural catheter
misplacement was 0 % after a single dural puncture
with a spinal needle (25- or 26-gauge), but as high
as 45 % after a dural puncture with a Tuohy needle
(16- or 18-gauge).  Therefore, extra precautions
should be taken, whenever an unintentional dural
tap occurs during the CSE or epidural block
performance.  A few case reports of suspected
intrathecal catheter migrations in the SST have been
reported (Leach et al. 1988, Eldor 1994, Robbins
1995).  A definitive cause-relationship is difficult
to prove, because it is impossible to determine
whether the catheter migration had occurred after
an unrecognized dural tap, through the dural hole
made by the spinal needle or by migration later.
The dural hole made by the spinal needle may
affect the transfer of drugs from  the epidural space
to the subarachnoid space.  An in vitro study
showed that the relative drug movement through
the dural hole is dependent upon the size of the
spinal needle used (Bernards et al. 1994).  In vivo
this movement is naturally counteracted by the
CSF-to-epidural space pressure gradient.  Overall
the relevance of drug leakage into the subarachnoid
space is still unknown, and the multicompartment
block mechanism, described above, may be a
plausible explanation in cases of an extensive spread
of spinal anaesthesia (Cook 2000).  However, an
experimental study demonstrated that a significant
increase in CSF morphine concentration occurred
when lumbar epidural morphine is administered
adjacent to a dural hole (Swenson et al. 1996).
Moreover, this opioid transfer was positively
correlated with the size of the needle producing the
dural hole.
In early reports of SST, failure of spinal
anaesthesia occurred in 10 - 25 % of patients (Carrie
et al. 1984, Lyons et al. 1992, Holmström et al.
1993).  Later, with increasing experience and
development of technique and equipment, the mean
failure rate has declined to about 5 % (Casati et al.
1998, Herbstman et al. 1998).  One reason for
failure is that the spinal needle is too short to reach
the subarachnoid space. The distance from the
epidural needle tip to the dura mater is quite variable
(Hollway et al. 1991).  In order to avoid this
problem, the length of the spinal needle should
allow for the protrusion over the epidural needle
tip by 13 mm (Joshi et al. 1994) to 17 mm
(Vandermeersch 1996).  In addition, the spinal
needle must be inserted in the midline as exactly as
possible, in order to achieve a successful
subarachnoid puncture.  Even a small lateral
deflection may cause the spinal needle to pass at
the side of the dural sac (Vandermeersch et al. 1993).
Because of the “tenting“ effect by the noncutting
spinal needles on dura mater, a longer protrusion is
needed for pencil-point needles than that for
Quincke-type needles (Urmey et al. 1996).  Failure
of the epidural component of CSE has not been
largely studied but it has been suggested not to differ
much from failure in regular epidural techniques
(Cook 2000).
The incidence of PDPH following CSE has been
reported to be 0 - 2.5 % (Rawal et al. 1997) but
large controlled studies of this issue are lacking.
However, being mostly based on obstetric patient
material, the reported frequency range may be
considered to be very low.  Proposed reasons for
this low risk include the use of thin pencil-point
spinal needles approaching the dura with the
epidural needle acting as an introducer, which
increases the chances of success at the first attempt
of the subarachnoid puncture.  Furthermore, the
subsequent epidural injections or infusions may
minimize, or counteract CSF leak, thereby, also
preventing the development of PDPH.
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5.3.5 Equipment durability and
contamination
It has been suggested that small metallic particles
may pass into the central nervous system, i.e. the
subarachnoid space, during the performance of a
needle-through-needle CSE block (Eldor et al.
1991).  These metal fragments were supposed to
be abraded from the inner surface of the epidural
needle when the spinal needle was advanced.  The
edges of the opening of the Tuohy needles were
observed to have notches produced by the spinal
needles (Eldor et al. 1991).  The metallic
contamination of the spinal or epidural
compartment was proposed to be one possible
causative factor for aseptic meningitis and other
neurological sequelae (Eldor et al. 1995).  In a more
recent study, metallic particles were not observed
to be produced by the SST with the standard Tuohy
epidural needle and the Sprotte-type spinal needle
(Herman et al. 1996).  However, minute metallic
particles on the surface of the needles were shown
to be an apparent contaminant of all epidural
needles, but without any additional risk possibly
relating to the needle-through-needle technique. An
in vitro study demonstrated that there was no
contamination of the intrathecal compartment with
the SST utilizing a set containing an 18-gauge
Tuohy epidural needle and  27- or 29-gauge
Quincke-type spinal needles (Holst et al. 1999).
In their microscopic screening there were no visible
notches or abrasions on the Tuohy needle after a
normal puncturing procedure.  Slight scratches were
detected on the inner edge of the epidural needle
orifice when the spinal needle was advanced
intentionally in a rough manner.  However, again,
no metallic contamination of CSF was found
(Holst et al. 1999).
Several types of epidural catheters are available
for clinical use, and their physical properties are
quite variable. Most of the catheters have some
radiopaque material included. Nylon has been
traditionally considered to be an inert and durable
material for epidural catheters (Bromage 1978).
Polyurethane epidural catheters have been
introduced into clinical use most recently. The
mechanical properties of different epidural catheters
have been investigated, and polyurethane catheters
appeared to have more strength against streching
when compared to nylon epidural catheters (Ate et
al. 2000).   The microscopic appearance of the tip
of the epidural catheters after clinical use has not
been studied before.
5.4 NEUROLOGICAL SEQUELAE
The incidence of serious neurological sequelae after
spinal and epidural block is extremily low.  Many
large studies have indicated that the incidence of
persistant neurological deficits has not decreased
during the last fifty years, varying between 0 - 0.13
% (Dripps and Vandam 1954, Dahlgren et al. 1995,
Aromaa et al. 1997, Auroy et al. 1997, Horlocker
et al. 1997).  The sequelae may be unrelated to the
block or directly resulting from the central block
technique (Horlocker and Wedel 2000).  The non-
anaesthetic causes include patient position,
compression by a tourniquet or casts, and surgical
trauma itself.  A large retrospective study
demonstrated that the prolonged lithotomy
position of the patient during surgery was associated
with the development of a lower extremity
neuropathy (Warner et al. 1994). On the other
hand, risk factors contributing to these neurological
signs and symptoms after a neuraxial block include
spinal cord ischemia, trauma during needle or
catheter placement, infection and local anaesthetic
toxicity.  The incidence of less serious and transient
sequelae is, however, assumed to be easily
underestimated. Probably because of not having a
sufficiently systematic and continuous surveillance,
an earlier  prospective study reported these minor
neurological deficits in only 0.8 % of the patients
after the spinal block (Vandam and Dripps 1955).
According to present-day clinical experience this is
expected to be much higher.  Indeed, a more detailed
follow-up of the patients after the spinal block has
revealed the phenomenon of transient neurologic
symptoms (TNSs) (Schneider et al. 1993).
Although existing by anecdotes at least since the
1950s this side-effect was not officially discovered
until about ten years ago, and its aetiology is still
largely unsettled (see 5.1.6). However, there are
Review of the literature
25
probably drug-dependent factors, as well as patient-
dependent factors causing these transient
symptoms. The use of lidocaine, as well as
outpatient status, obesity and lithotomy position
of the patient have correlated with the occurrence
of TNSs (Freedman et al. 1998).
Some studies have demonstrated that elicitation
of paraesthesia during the performance of the block
is a risk factor for persistent neurological deficits
(Auroy et al. 1997, Horlocker et al. 1997).  Also
some cases of persisting sensory loss due to damage
to the conus medullaris by the spinal needle have
been reported (Reynolds 2001). Indeed, the
distribution of conus location has been shown to
range from the middle third of T12 to the upper
third of L3 (Saifuddin et al. 1998).  Therefore, it is
recommended by Reynolds that the spinal needle
should not be inserted above L3.  The incidence of
serious neurologic injury is significantly greater after
the spinal anaesthesia (0.06 %) when compared to
other types of regional anaesthesia (0.01 %) (Auroy
et al. 1997).  Pencil-point needles have suggested
to produce paraesthesia more commonly than
Quincke-type needles, especially when used for
CSE technique (Collier et al. 1998).  Because the
elicitation of paraesthesia may induce a risk for
postoperative neurological deficits, some
anaesthesiologists have virtually abandoned the use
of the CSE technique with pencil-point needles.  A
recent microscopic study of CSF indicated that the
spinal anaesthesia is frequently associated with minor
degrees of subarachnoid vascular trauma (Knowles
et al. 1999).  The incidence of this complication
was shown to be increased when a technical
difficulty or paraesthesia were encountered during
the lumbar puncture, but there was no difference
between Whitacre and Quincke needles in this
respect.  The frequencies of the observed
paraesthesias were also similar with different spinal
needle designs in this study.
A large prospective follow-up study has shown
that failures were related to some technical factors
of the spinal block performance, being significantly
more frequent when a low interspace was used for
the administration of the local anaesthetic (Tarkkila
et al. 1991).  Indeed, most of these failures were
caused by an insufficient analgesia level for surgery.
A recent study demonstrated that the induction of
the spinal anaesthesia was easier with the Whitacre-
type than with the Quincke-type needle (Eriksson
et al. 1998). The incidence of an inadequate block
was also lower with this noncutting pencil-point
needle.
CSA has been reported to cause a higher
incidence of permanent neurological deficits than
the single-shot spinal anaesthesia (0.66 % vs.
0.13%) (Horlocker et al. 1997).  It has been
suggested that continuous neuraxial block
techniques, utilizing an indwelling catheter, present
an additional source of direct trauma, possibly
contributing to some neurological injury
(Horlocker and Wedel 2000). A retrospective study
concerning 28-gauge microcatheters, and thicker
macrocatheters, was conducted to evaluate  the
frequency of persistent neurological sequelae, as well
as possible risk factors (Horlocker et al. 1997).
When compared to the single-shot spinal technique,
CSA was reported to be associated with an increased
incidence of blood-tinged CSF or paraesthesia
encountered with the needle or catheter placement.
Moreover, CSA involved a higher failure rate and
frequency of PDPH, as well as permanent
neurological deficits than SPIN block  Because of
having more postanaesthetic complications, CSA
technique was recommended only for high-risk
patients who would benefit from the titratability
of this regional technique. On the contrary, in the
most recent review by Denny and Selander (1998),
CSA is considered as an effective, reliable and safe
technique which, however, requires proper training.
The use of microcatheters was regarded as having
no extra advantage over thicker ones.  In fact, the
use of the ultrathin 32-gauge catheters has been
found to be disturbingly often hampered by
technical problems (Silvanto et al. 1992, De Andrés
et al. 1994).
It is most difficult to evaluate the possible
relationship between any patient- or block-related
factors and  postoperative side effects or complaints.
In order to  improve the safety and reliability of
different central block techniques, it would be most
beneficial to further investigate any such possible
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causal relationship.  It is not always possible to
discover the reason, and also non-anaesthetic factors
have to be considered as their origin (Renck 1995,
Bromage 1997).  A large (multicenter) prospective
study should be designed to confirm these
relationships and, moreover, also the incidence of
Review of the literature
minor postanaesthetic adverse effects need to be
recorded and evaluated.  So far, the scientific
evidence of any causal relationship is quite
inadequate and only some practice advisories have
been created for the prevention of perioperative
neurological deficits (ASA report 2000).
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6. AIMS OF THE STUDY
Aims of the study
The main purpose of these studies was to evaluate the use of the current spinal, continuous spinal and
combined spinal-epidural block techniques, comparing different equipment with regard to their practical
technical performance and clinical effects, as well as their durability.
The following issues were of specific interest:
1. to evaluate the technical and clinical characteristics of the spinal (I, III, VI), continuous spinal (IV, VI)
and combined spinal-epidural block (V, VI).
2. to examine the microscopic appearance of the needles and catheters used for the spinal (I, II, III),
continuous spinal (IV) and combined spinal-epidural anaesthesia (V).
3. to assess the incidence of postoperative clinical signs and symptoms after the various neuraxial block
techniques (I, III, IV, V, VI).
4. to evaluate whether an equipment damage or a technical problem during block performance is related
to postoperative sequelae (I, III, IV, V, VI).
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7. PATIENTS AND METHODS
Patients and methods
7.1 SUBJECTS
This thesis includes four comparative clinical studies
(I, III, IV, V) concerning 630 patients (ASA 1-3)
and a large prospective follow-up study (VI)
consisting of 3230 patients (ASA 1-4).  These
clinical studies were approved by the Ethics
Committee of Töölö Hospital in The Helsinki
University Central Hospital, and were carried out
during the years 1995-1999.  Moreover, an
experimental study (II) with four fresh human
cadavers was conducted in the Department of
Pathology in 1998 after the approval of the
National Board of Medicolegal Affairs.  Common
exlusion criteria for spinal and/or epidural
anaesthesia were followed in clinical studies: allergy
to local anaesthetic, haemorrhagic diathesis, elevated
intracranial pressure, patient refusal and infection
at the puncture site.  Only adult patients over 17
years old were examined, and in studies III and V
an overweight more than 20 % (BMI > 30 kg · m-
2) was considered as a reason for exclusion
(Heliövaara and Aromaa 1980).
7.2 STUDY DESIGNS
Study I consisted of 400 patients having  the spinal
Table 1.  Study designs.
Study Design Subjects Groups (needles/technique)
I Clinical 400 spinal blocks 1) 200 (Quincke-type)
Prospective 2) 200 (Sprotte-type)
Randomized
Single-blind
II Experimental Four cadavers 1) 32 (Quincke-type)
Prospective 96 lumbar punctures 2) 32 (Sprotte-type)
3) 32 (Whitacre-type)
III Clinical 50 spinal blocks 1) 25 (single-hole pencil-point needle)
Prospective 2) 25 (double-hole pencil-point needle)
Randomized
Double-blind
IV Clinical 90 continuous 1) 30 (macrocatheter)
Prospective spinal blocks 2) 30 (microcatheter)
Randomized 3) 30 (catheter-over-needle)
Double-blind
V Clinical 90 combined spinal- 1) 30 (set for single segment technique
Prospective epidural blocks with ratchet-like locking device)
Randomized 2) 30 (set for single segment technique
Double-blind with back-eye on the Tuohy needle)
3) 30 (double segment technique)
VI Clinical 3230 neuraxial blocks 2603 (single-shot spinal)
Prospective 333 (continuous spinal)
Follow-up 294 (combined spinal-epidural)
37 (epidural)
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anaesthesia for surgery (Table 1).  They were
randomly allocated (envelope method) to receive
the spinal anaesthesia, using either a 27-gauge cutting
Quincke-type needle or a noncutting Sprotte-type
needle.  The blocks were performed by all the
anaesthesiologists working at the department during
the study period.
In study II,  96 experimental lumbar punctures
were performed in four fresh human cadavers (24
punctures to each).  Spinal needles of the Quincke-
, Sprotte- and Whitacre-types were used (32 neeedles
of each type).  All the punctures were made by the
same investigator.
In study III, 50 patients undergoing the spinal
anaesthesia were randomly allocated to receive the
spinal anaesthesia by either a double-hole pencil-
point needle (DHPP) or a traditional single-hole
pencil-point needle (SHPP) of the Sprotte-type.  All
the spinal blocks were performed by the same three
anaesthesiologists.
In study IV, a total of 90 patients scheduled for
major orthopaedic procedure were randomly
allocated into three groups of 30 patients.
Continuous spinal anaesthesia (CSA) was
performed by three different techniques and sets of
equipment.  Techniques utilizing conventional
micro- and macrocatheters, as well as a new catheter-
over-needle technique were assessed.  All three
anaesthesiologists performing the blocks had earlier
experience of the applied techniques.
Study V was of the same design as study IV, but
compared three techniques for combined spinal-
epidural anaesthesia (CSE) utilizing two different
commercial sets for the single segment technique
and the double segment technique. All the blocks
were performed by the same anaesthesiologists as
in study IV, and they were all familiar with the
applied techniques.
Study VI was a large prospective follow-up study
of 3230 consecutive patients undergoing
orthopaedic surgery under a neuraxial block.  The
study period was 20 months, and there were no
exlusion criteria for this study other than those
routinely observed for neuraxial blocks.  All the
anaesthesiologists working in the orthopaedic unit
during the time of the study were involved, and
allowed to choose the type of a neuraxial block they
preferred for each patient (SPIN, CSA, CSE, EPID).
7.3 EQUIPMENT
All the equipment used for the different neuraxial
block with techniques are listed in Table 2. The
three spinal needle tip designs are shown in Figure
4. The traditional Quincke-type needle has a sharp,
cutting bevel with a front opening.  The Whitacre-
type needle has a conical tip and a rectangular lateral
opening with sharp edges, while the Sprotte-type
design involves a more rounded tip and an oval
lateral opening with smooth edges.  The new
double-hole pencil-point needle (study III) has two
circular holes opposing each other near the tip
suggested to improve the spread of the injectate.
In study IV a 24-gauge epidural catheter with a
single-hole tip was inserted intrathecally and used
as a spinal macrocatheter for CSA (group 1).  In
group 2,  a 28-gauge nylon catheter specifically
manufactured for CSA was used as a spinal
microcatheter.  In group 3, a new CSA technique
was used employing a catheter-over-needle system
inserted through an epidural needle (Fig.1).  A
special CSE-set with a ratchet-like interlocking
mechanism between the epidural and Whitacre-type
spinal needle was used in group 1 in study V (Fig.3).
In group 2, this single segment technique was
performed by another CSE-set with a sleeved
Sprotte-type spinal needle introduced through a
separate opening (back-eye) at the epidural needle
curve (Fig.2).  In the large follow-up study (VI)
the choice of the block type and equipment was
made by the anaesthesiologist in charge of the case.
7.4 BLOCK PERFORMANCE
A preformulated form containing details about the
block performance was filled in for each patient in
all the studies.  Specific questions related to the
special aims of each study were included.  The
operator filled in the form immediately after the
performance of the block.  Some block
performance characteristics are shown in Table 3.
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microscopic examination.  The puncture level and
the volume of the spinal anaesthetic were
predetermined and carefully controlled in studies
III and V, because the sensory level of analgesia was
examined in these comparative studies.  An
introducer needle was used for all  block procedures
in study III, and the slow injection rate of spinal
bupivacaine was controlled.  The backflow time of
CSF through the spinal needle was recorded in this
study.
In studies IV and V,  different techniques for
CSA and CSE were compared with respect to
technical problems.  All difficulties were recorded,
as was the time spent to perform the block and the
success rate.  All the patients in study V received 4
ml of 2% lidocaine with adrenaline (5 mg · ml-1)
as an epidural test dose, and 4-6 ml of this solution
was used for epidural top-up(s) if required for
surgery.  In study IV, increments of 0.5 ml of 0.5%
plain bupivacaine were added through the spinal
catheter if the analgesia level was too low for the
surgical procedure.
Detailed preformulated forms were also used for
each patient in the follow-up study VI.  A
description of the block performance and
equipment, as well as success rate, patient position,
possible pre-existing neurological disease and
surgical details were recorded (Appendix 1). Bone
contact(s), elicitation of paraesthesia, blood-tinged
CSF and incidence of failure were of special interest.
The appearance of CSF was categorized as clear or
blood-tinged, the latter meaning that the backflow
through the spinal needle was visually observed to
be bloody (reddish) by the naked eye of the
operator, disregarding whether it became clear with
time.  Any sudden (mostly transient) and radiating
pain reported by the patient during the block
performance was regarded as paraesthesia.  As a
standard rule, the needle or catheter was then to be
withdrawn without injecting any local anaesthetic
until a new approach was successful with no
elicitation of such a symptom.
Table 3.  Block performance characteristics.
Study Puncture level Subject position Spinal anaesthetic Introducer Special interest
I L2-3 Lateral or 0.5% hyperbaric or Quincke (12%) Bone contacts
L3-4 sitting plain bupivacaine 2-4 ml Sprotte (75%)
II L2-3 Lateral No All Bone contacts
L3-4
L4-5
III L3-4 Lateral  0.5% hyperbaric All Backflow of CSF
bupivacaine 2 ml
IV L2-3 Lateral 0.5% plain bupivacaine No Technical performance
L3-4 2 ml initially, and 0.5 ml Time for procedure
increments as required Success rate
V L2-3 Lateral 0.5% hyperbaric No (SST) Technical performance
L3-4 bupivacaine 2 ml Yes (DST) Time for procedure
Success rate
VI L2-3 Lateral (97%) 0.5% hyperbaric or Spinal: Several variables
L3-4 Sitting (3%) plain bupivacaine Quincke (6%)
L4-5 Pencil-point (98%)
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7.5 OBSERVATIONS DURING
ANAESTHESIA
In all clinical studies the intraoperative monitoring
consisted of ECG, SpO2 and noninvasive arterial
blood pressure.  The spread of sensory analgesia was
assessed by a pinprick (Table 4), and the motor
block by a modified Bromage scale (range 0-3).   In
studies III-V, the distribution of analgesia was under
a special interest being investigated at regular
intervals in a blinded fashion.  Analgesia was defined
as an inability to detect a sharp pinprick, and it was
recorded until the level had regressed at the L2
dermatome or lower and the patient was able to
contract the muscles of the thigh.  In general, the
block was regarded successful if it was sufficient
for surgery.  However, in studies IV and V the
technique was defined successful only when both
the spinal injection and the catheterization (spinal
or epidural) were managed. The required
increments of local anaesthetic doses through a
catheter, as well as the incidence of patients treated
for bradycardia or hypotension were recorded.
These haemodynamic problems were treated with
atropine and ephedrine, according to clinical
judgement.  In study VI, the major interest was
focused in haemodynamics and the failure rate but
also breathing difficulties (inability to breathe deeply
or feeling of breathlessness), positional troubles
(patients´ subjective feeling of uncomfortable
position on the operating table) and emesis were
recorded during anaesthesia.
Table 4. Patient surveillance and the most important intra- and postoperative follow-up variables and the aim of
microscopic examinations.
Study Special interest Block level Patient interview Special interest Microscopy
during anaesthesia examination postoperatively
Personal Mailed
questionnaire
I Not blinded Not blinded 1.POD 14.POD Neurological Needle tip
sequelae damages
II —— —— —— —— —— Needle tip
damages or
 contamination of tips
III Analgesia level and By blinded 1.POD 7.POD Postoperative signs DHPP needle
block duration investigator and symptoms durability
IV Analgesia level and By blinded 1.POD —— PDPH, neurological Any material
haemodynamics research-nurse sequelae and damage
catheter function
V Analgesia level and By blinded 1.POD 7.POD PDPH, backache Any material
haemodynamics research-nurse and other untoward damage
signs and symptoms. or “friction”
Catheter migration.
VI Haemodynamics, Not blinded —— 7.POD Neurological deficits, Not done
positional troubles etc. headache, PONV etc.
and postoperative pain
POD = postoperative day,  PDPH = postdural puncture headache,  DHPP = double-hole pencil-point needle,
PONV = postoperative nausea and vomiting.
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7.6 PAIN CONTROL AFTER
SURGERY
Only the protocols for studies of continuous
catheter techniques (IV, V) included defined
regimens for postoperative pain control.  In study
IV, an intrathecal infusion of bupivacaine (1mg ·
h-1) combined with morphine (8 µg · h-1)  was started
in the recovery room after the level of analgesia had
regressed  to the L2 dermatomal level.  This
continuous infusion rate was maintained, and the
catheter function was evaluated until the first
postoperative morning.  Thereafter, the catheter was
removed by one of the investigators.  In study V,
after the level of anaesthesia had decreased to the
L2 dermatome and the correct position of the
epidural catheter had been confirmed by a test dose,
a bolus of 2-4 mg morphine was injected through
the catheter for postoperative analgesia.  Otherwise,
there was no predetermined study protocols
concerning pain medications.  As a standard pain
management of the hospital, most patients received
NSAIDs at regular intervals after surgery (iv / po /
pr).  For elderly patients (> 60 years), a regular
dosing of paracetamol was used instead.
Additionally, intramuscular oxycodone (0.1-0.15
mg · kg-1) was given at the patients´ request.
Postoperatively, all patients were checked by an
anaesthetic nurse and pain medications and the
functioning of the central catheters were re-evaluated
and corrected by an anaesthesiologist when required.
In study VI, the severity of pain was graded as none,
mild and strong as reported by the patients
themselves.
7.7 POSTOPERATIVE PATIENT
FOLLOW-UP
The monitoring of possible postoperative sequelae
was also an essential part of all clinical studies (Table
4).  This postoperative patient follow-up was
performed in all clinical studies.  With a pre-
determined form, a personal interview was
performed on the first postoperative day (I, III-V),
and patients were handed a questionnaire to be filled
in every day and returned after one (III, V-VI) or
two weeks (I). All  interviews were structured on
preformulated forms with no major differences
between the studies.  The patients were asked to
fill in their forms every day after surgery until they
were mailed.
In the comparative clinical studies (I, III-V), all
patients were interviewed by one of the investigators
on the first postoperative day.  Thereby, early
untoward signs and symptoms like headache,
backache, PONV, urinary retention, itching,  pain
and  neurogical symptoms such as pricking,
numbness and weakness were recorded.  Any
haemodynamic instability, breathing problem and
malfunction of the subarachnoid catheter function
were registered during the first 24 hours after the
operation (IV).  Late sequelae were assessed by
analysis of data from patient questionnaires (I, III,
V, VI) (Appendix 2).  Patients were not examined
further by the investigators after the one or two
week follow-up period.
The incidence of any neurological sequelae
(including PDPH) following the use of different
needles and neuraxial block techniques were
compared in studies I, III-V.  Special attention was
paid to the relation between bone contacts during
puncture attempts, as expressed by needle
deformations, and neurological symptoms (I), the
occurrence of PDPH  after CSA (IV) and the
incidence of backache after CSE performed with
SST vs. DST (V).  By contrast, study VI compared
the incidence of postoperative sequelae following
different neuraxial block techniques (SPIN vs. CSA
vs. CSE), with special reference to any relationship
between technical problems during puncture/
catheter insertion, such as elicitation of paraesthesia
and untoward signs or symptoms postoperatively.
Only an obvious posture dependent headache
was considered as PDPH in this study. This was
defined as a headache that appeared or became
clearly more intense when sitting or standing up
and immediately disappeared or was relieved when
returning to the supine position.  Furthermore,
backache was considered as TNSs only if the pain
was either uni- or bilaterally radiating to the buttocks
or to the back of the thighs.
Patients and methods
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7.8 MICROSCOPY
Needles and catheters used for the applied regional
anaesthesia techniques were saved and stored for
subsequent light microscopic examination ( I, II,
III, IV, V).  The shape of the used needle tips was
classified as one of three categories: 0, no damage;
1, slightly bent or blunt;  2, clearly bent or hooked.
Some of the used needles and catheters, including
those observed to have a damaged tip, were also
subjected to SEM.  In studies I-V, also some unused
needles and catheters of each type were examined
by SEM as a reference, and in order to observe
possible manufacturing defects.  By the use of
microscopy it was possible to study the incidences
of deformed  tips in needles of different types (I-
V), damage to needles or catheters (III, IV, V) and
any signs of metallic irregularities (V).
In study II, the tips of 16 needles of each of three
different types were investigated by fluorescence
microscopy (Zeiss Axiophot).  The amount of a
fluorescent agent attached to the needles during skin
puncture was classified in three categories:  0, no
fluorescein;  1, minor and small fluorescein finding;
2, clear and large fluorescein finding, including tissue
particles. In another set of 16 needles of each of the
same three types, cytocentrifugated smears were
prepared from attachments.  The smears were stained
with haematoxylin and eosine, and examined by
light microscopy. The presence of tissue fragments
and various cell types in the smears was analyzed by
a senior pathologist, unaware of the group
assignment.  The different needle types were
compared with respect to the amount of tissue
coring.  The deformed needles, as well as some
unused needles were studied by SEM, in order to
reveal any deformities in more detail.
7.9 STATISTICAL METHODS
Nonparametric statistical analyses for comparing
categorical variables were performed by the Chi-
squared test.  The Chi-squared contingency table
with Bonferroni correction was used for the
comparison of several proportions (II, VI), and the
2x2 Chi-squared test (with Yates correction if
required) was applied for comparisons of the
proportions in two groups (I, II, VI).  Furthermore,
the Fisher´s exact test was used when considered
appropriate (III, IV, V, VI).  For comparison of two
unrelated groups including ordinal (analgesia level)
or continuous variables, either the Mann-Whitney
U- or the unpaired Student´s t- test were performed
(III).  A possible relationship between two different
variables was analysed by a contingency table (I, VI).
To compare three independent groups, the one-way
analysis of variance (followed by the Fisher´s LSD
with Bonferroni correction) was used for parametric
(continuous) data, and the Kruskal-Wallis test
(followed by the Mann-Whitney U test with
Bonferroni correction) was applied for
nonparametric (nominal, ordinal) data (IV, V).
The results are presented as means and standard
deviations (SD) for continuous parameters (I, III-
V).  The sensory level of analgesia was considered
as an ordinal variable, thus being presented as median
and range or interquartile range (III, IV-V).
However, most of the results are reported as
proportions (percentages) in all the studies (I-VI).
The 95% confidence interval (CI) for the difference
between proportions is shown only in study II.
Patients and methods
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8. RESULTS
Results
8.1 PATIENT DATA
The patient demographics of the four comparative
clinical studies (I, III-V) including 630 neuraxial
blocks are presented in Table 5.  No differences
between the study groups regarding age, sex
distribution, body mass index, ASA physical status
or type of surgery were found.  Study VI consisted
of 3230 patients with a wide age variation (17-90
years).  A tourniquet was used in 80% of the
patients, and the 2-hour limit of the tourniquet
time was exceeded in 14.3 % of these patients.  The
majority of the patients had an orthopaedic
procedure of the lower extremity involving minor
(III, V), major (IV) or both (I, VI) types of surgery.
In addition, occational patients in study I underwent
plastic surgery.  In the experimental study (II),
lumbar punctures were performed in four fresh
human cadavers 80, 49, 39 and 54 years old,
weighing  76, 72, 91 and 80 kg, respectively.
Most block procedures (I, III-VI) / punctures
(II) were performed with the subject in the lateral
position (e.g. 97% in study VI).  The most
common position of the patient during the
operation was supine (e.g. 80% in study VI).
However, all the elderly patients having a hip
replacement procedure were positioned laterally.
8.2 TECHNICAL
CHARACTERISTICS
Bone contact during puncture performance
occurred  frequently (Table 6).  In study I, bone
contacts were more common with a cutting
Quincke-type needle (53 %) when compared to a
noncutting Sprotte-type needle (39 %) (p < 0.01).
Moreover, the number of bone contacts was clearly
related to the incidence of cutting needle tip damage
observed in microscopy (p = 0.016) (Fig. 5).  On
the other hand, in study II, the frequency of bone
contact was similar with different tip designs
(Quincke -Sprotte - Whitacre).
According to the large follow-up study (VI), the
single-shot spinal block (SPIN) was by far the most
common neuraxial block technique during the
study period (2082 patients, 80.6 %).  The most
frequently used spinal needle was the 27-gauge
Table 5.  Demographic data for randomized clinical studies. Mean (SD). NA= not assessed.
Study Group Age Sex Weight Height BMI ASA Surgery type
(n) (years) M/F) (kg) (cm) (kg/m2) (1-5)
I 1. (n=200) 46 (16) 98 / 102 NA NA NA NA Orthopaedic /
2. (n=200) 43 (16) 94 / 106 NA NA NA NA Plastic surgery
III 1. (n=25) 37 (10) 13 / 12 70 (12) 172 (10) 24 (3) 1-2 Minor ortho-
2. (n=25) 41 (11) 13 / 12 74 (15) 175 (10) 24 (3) 1-2 paedic surgery
IV 1. (n=30) 69 (9) 7 / 23 74 (12) 164 (8) 28 (4) 1-3 Major ortho-
2. (n=30) 68 (11) 12 / 18 80 (12) 166 (10) 29 (4) 1-3 paedic surgery
3. (n=30) 68 (9) 7 / 23 78 (14) 166 (9) 28 (4) 1-3
V 1. (n=30) 40 (14) 17 / 13 72 (11) 171 (8) 25 (3) 1-2 Minor ortho-
2. (n=30) 40 (13) 13 / 17 74 (10) 174 (9) 24 (2) 1-2 paedic surgery
3. (n=30) 39 (10) 18 / 12 78 (10) 174 (9) 26 (3) 1-2
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macrocatheter, microcatheter and catheter-over-
needle groups, respectively (ns).  Similarly, the mean
block performance times (range) in the CSE study
(V) did not differ between groups, i.e. 6.6 (3.5-
9.0),  6.4 (3.8-13.6) and 6.6 (3.5-14.0) minutes in
groups 1 (SST - Durasafe®), 2 (SST - Espocan®)
and 3 (DST), respectively (ns).
The incidences of blood-tinged CSF and the
elicitation of paraesthesia during the performance
of the spinal block were 9.2 % and 12.4 %,
respectively (VI).  The former was related to the
size of the needle (p < 0.05), the latter being
associated to the number of needles used (p <
0.001).  The frequency of paraesthesia was
significantly higher with CSA (24.1 %) and CSE
(20.9 %) techniques when compared to the single-
shot spinal block (p< 0.01), and the risk increased
if the spinal or epidural catheter insertion was
difficult during multiple attempts (p< 0.05).
However, there was no difference in the incidence
of bloody CSF between these three central block
techniques.
Tissue coring by the needle was a common
phenomenon in conjunction with the spinal
puncture without any significant difference between
the types of spinal needles used but the most
prominent attachments appeared in the Quincke-
type needles.  Some block performance
characteristics of the use of the 27-gauge Quincke-
type and Sprotte-type needles are shown in Table
7.  The success rate appeared to be higher with the
latter; a successful puncture with the initial needle
being significantly higher with Sprotte-type (95.3
%) than with Quincke-type needles (89.3 %) (p<
0.001), and the success rate with a single skin
puncture was higher when Sprotte-type (80.9 %)
compared to Quincke-type needles (68.8 %) were
used (p < 0.001).  Moreover, blood-tinged CSF
was more frequent with the Quincke-type needles
(8.9 %) than with the Sprotte-type needles (4.9
%) ( p< 0.01).  In contrast, elicitation of paraesthesia
was significantly more frequent with the Sprotte-
type (16.3 %) compared to the Quincke-type
needles (12.4 %) (p < 0.05).   Technical problems,
such as failure to obtain a free backflow of CSF, a
difficult catheter insertion and a dural tap with the
Crawford needle were experienced very frequently
when the catheter-over-needle CSA technique was
employed, usually resulting in a failed block.  The
CSA success rates were 90 % in groups 1 and 2,
but only 63 % in group 3 (p < 0.05). In study VI,
10.3 % of patients received a CSA block, which
was most commonly performed with a
microcatheter.  Technical problems, such as failure
to obtain a backflow of CSF and catheter insertion
problems during the induction of CSE, were by
far most common when the needle-through-needle
technique with an interlocking device was used.
The success rate with this CSE-set (group 1) was
significantly lower (63 %) than in groups 2 (90 %)
and 3 (100 %) (p < 0.05).  Moreover, one case of
intrathecal migration of the epidural catheter was
observed in group 1.  In the follow-up study (VI),
9.1 % of patients were given a CSE block, most
frequently performed as DST.
8.3 CLINICAL CHARACTERISTICS
In study III, there was no difference in the
maximum level of sensory analgesia at any time
during anaesthesia, the medians being at the T7 level
Table 7.  Percentages of block performance characteristics of two different spinal needle designs (VI).
Needle Skin Introducer Bone Success rate Success rate Blood- Elicitation of
design infiltration needle contact with initial with tinged CSF paraesthesia
(27-gauge) of local needle single-skin
anaesthetic puncture
Quincke 64.0 6.4 41.6 89.3 68.8 8.9 12.4
Sprotte 98.0 98.1 40.1 95.3 80.9 4.9 16.3
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(range L2-T1) with the DHPP needle, and at the
T6 level (range T11-T1) with the SHPP needle.
Nor was there any difference, according to the
duration of the sensory or motor block in that study.
The median (range) levels of analgesia one hour after
the induction of CSA were T5 (T9-T1),  T7 (T10-
T1) and T7 (T9-T2) in groups 1, 2 and 3,
respectively,  without any significant difference. In
the CSE study the median maximum levels of
analgesia were T7 (T12-T2), T5 (T10-T1) and T7
(T12-T2) in groups 1, 2 and 3, respectively, without
any significant difference between the techniques.
Whenever the block was successful, there were
no differences in haemodynamics parameters
between the three CSA (IV) or CSE (V) block
techniques. The number of the required increments
of local anaesthetics administered into the
subarachnoid or epidural space was also similar
between the groups. Overall (study VI),
haemodynamic problems (hypotension and/or
bradycardia) were significantly more frequent with
the continuous techniques (CSA 23.4 % and CSE
18.3 %) than with the single-shot spinal technique
(6.8 %) (p< 0.001).
In general, other intraoperative problems were
more common with the catheter techniques (CSA
31.8 % and CSE 30.2 %) than with SPIN
anaesthesia (11.6 %). The incidence of discomfort
and positional troubles during surgery were
significantly higher with the former ones.  Breathing
problems were most frequent when CSE was used
for anaesthesia.  In this study (VI), the failure rates
were low and similar (SPIN  1.0 %, CSA  1.5 %,
CSE  1.0 %), and had no  relation to the design of
the tip of the needle used for the spinal puncture
(study VI).  All failed CSA blocks occurred with
the use of the thin 28-gauge microcatheter.  One
case of asystole occurred after the induction of CSE
by DST.  This patient was successfully resuscitated
and the operation was cancelled.
8.4 MICROSCOPIC
EXAMINATIONS
The incidences of the distorted spinal needle tip
with different designs are presented in Table 6.  Light
microscopy showed that 13 % of the cutting
Quincke-type needle tips were distorted blunt or
even in a hooked manner (Fig. 5) due to bone
contact(s) during the lumbar puncture (I).  A
majority (64 %) of the DHPP spinal needles was
subjected to tip distortion during their use. Unused
DHPP needles were observed to be slightly
deformed and blunt as well. The Whitacre-type
needle was also shown to be distorted blunt (20
%) during the block performance.  By contrast, all
the used epidural needles and catheters were
undamaged (V).  In studies I, II, III and V, the
Sprotte-type spinal needle was found to be resistant
to any tip damage during the puncture.  The 27-
gauge Quincke-type needles of the catheter-over-
needle system (group 3 in study IV) were distorted
in 6.7 % during performing the CSA.  Examined
by light microscopy, all spinal catheters and the
Crawford-type epidural needles were without
obvious material damage (IV).
In study II, fluorescence microscopy showed that
tissue particles were quite frequently attached to the
spinal needles (tissue coring), but without any
significant difference between the needle designs.
However, an examination of the tissue attached to
the needles by cytocentrifugated smears, revealed
that Quincke-type needles caused the most
prominent tissue attachments including muscle
fibres (Fig. 6).
The SEM studies (II) revealed that the orifice of
unused Whitacre-type needles have sharp and uneven
edges, which is in contrast to the smooth and
rounded edges of the orifice of the Sprotte-type
needle.  Furthermore, the DHPP needles were
observed to have some longitudinal fissures on their
tips (Fig. 7).  Further findings of SEM include that
some of the used epidural needles in group 1 of
study V, had minor grooves on their interior surface
indicating the passage of the spinal needle (needle-
through-needle technique).  In addition, SEM
examination revealed that the tips of the 22-gauge
spinal catheters in group 3 in study IV, were
commonly distorted (Fig. 8) after recordings of
several bone contacts during block performance.
Moreover, some unused catheters of this type were
also observed to have a tip with an uneven
appearance.
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8.5 POSTANAESTHETIC
SEQUELAE
The response rates to the mailed postanaesthetic
questionnaires were 91.3 %, 88 % and 92.2 % in
the comparative studies I, III and V, respectively.
There were no differences in the postanaesthetic
untoward signs or symptoms between the groups
in any of these studies. On the other hand, in study
VI , where the response rate was 46.1 %,
postoperative problems were more common
following continuous techniques (CSA and CSE)
than after the single-shot spinal technique (Table
8).  The only obvious difference between groups
found in study I was a lower incidence of nonspecific
headache after the use of Sprotte-type needles as
compared to both damaged or undamaged
Quincke-type needles.  The combined incidences
of PDPH were 2.5 % , 2.3 % and 2.4 % in studies
I, III and V, respectively. In the CSA study (IV) no
complaints of PDPH  were reported during the 24
hour postoperative period.  In study VI,  the
incidence of  postoperative headache in general was
significantly higher in patients subjected to the CSA
technique than in patients subjected to SPIN or
CSE techniques (p < 0.05), but there were no
differences in the incidence of PDPH (1.1 % overall)
between the different neuraxial block techniques.
The incidences of PON, pruritus and urinary
retention were similar between groups investigated
in the comparative studies (I, III, IV, V).  According
to study VI, these complaints were associated with
the use of a continuous technique and neuraxial
opioids.  In study IV, the technical functioning of
the catheter during the postoperative continuous
infusion was similar between the groups.  This
infusion had to be stopped in 3, 1 and 1 patients
for technical reasons when using a macrocatheter,
microcatheter and catheter-over-needle technique,
respectively.
The incidence of radiating backpain after the
effect of spinal anaesthesia had been off (TNSs),
were 2.8 % (I) and 2.3 % (III) during the follow-
up periods.   In CSE and CSA  studies no radiating
backpain was reported.  The frequency of backache
at the region of puncture(s) was similarly common
(22.2 %) irrespective of whether CSE block was
performed by SST or DST.  In study VI,  a decreased
sensation of the skin (numbness or pricking) was
quite frequent on the first postoperative day (POD)
(32 %), and it was clearly more common following
the use of a continuous technique (p < 0.001). These
dysaesthesias persisted in 7.6 % of the patients on
the 7. POD.  One third of the patients reported
strong pain at the operation site on the 1. POD,
irrespective of which block technique had been
used.  Strong pain  prevailed in 5.6 % of the patients
on the 7. POD.
The distortion of the needle tip of the Quincke-
type design was not associated with any apparent
untoward effects or postoperative sequelae (I).
Furthermore, sensory neurological disturbances
were observed to correlate to the use of the lateral
position during surgery (p < 0.05) (VI). The use of
a thigh tourniquet was also associated with the
appearance of postoperative sensory disturbances in
the operated lower extremity.  In fact, 79% of the
patients with sensory disturbances, a tourniquet had
been applied during surgery. These symptoms were
more suspectable with increasing tourniquet time.
However, there appeared to be no relationship
between any block performance problems (e.g.
paraesthesia, blood-tinged CSF) or equipment
damage and postanaesthetic sequelae in this study.
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Table 8.  Percentages of postanaesthetic sequelae (VI).
SPIN CSA CSE
(n= 1215) (n= 122) (n= 152)
1. POD 7. POD 1. POD 7. POD 1. POD 7. POD
Numbness 27.8 6.5 49.6 6.1 52.3 17.2
Pricking 24.9 6.7 29.2 9.9 32.0 13.2
Strong pain 33.0 5.3 36.7 4.7 36.4 9.0
Nausea or vomiting 13.1 1.3 28.0 3.8  29.6 3.4
Urinary retention 13.6 1.8 32.0  2.2 28.9 1.5
Nonspesific headache 24.8 6.3 35.3 14.3 24.3 7.5
SPIN= single-shot spinal anaesthesia,  CSA= continuous spinal anaesthesia,  CSE= combined spinal-epidural
anaesthesia, POD= postoperative day.
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9. DISCUSSION
Discussion
9.1 TECHNICAL
CHARACTERISTICS
9.1.1 Single-shot spinal anaesthesia
According to this study, thin (25-27-gauge) spinal
needles are safe and reliable in clinical practice.
However, thin cutting Quincke-type as well as the
new two-zone bevelled needles are sometimes
distorted after hitting the bone during the lumbar
puncture (Rosenberg et al. 1996).  Not surprisingly,
the incidence of this tip distortion in the present
study (I) was clearly related to the number of bone
contacts.  An earlier microscopic study of the tips
of used needles did not find this association, but
the number of patients was much smaller (Benham
1996).  In the present study, no difference between
different types of spinal needle was found regarding
the frequency of bone contact during puncture
attempts (study VI).  In general, the incidence of
bone contact appears to be about 40-50 % during
the spinal puncture.  It is suggested that the high
incidence of bone contact in study II was due to
the fact that several needles were inserted at the same
interspace (but via a separate route) probably
increasing the risk for hitting bone.  Moreover, the
performance of lumbar puncture is assumed to be
more difficult for cadavers.  Overall, results of the
present study confirm that pencil-point needles
provide some clinically important advantages over
Quincke-type needles, such as higher success rate
(Eriksson et al. 1998), less frequent blood-tinged
CSF (Knowles et al. 1999), lower risk for PDPH
(Flaatten et al. 2000), resistance to tip damage
(Parker et al. 1997) and less tissue coring (Rosenberg
et al. 1996).  When the spinal needle is inserted,
the tip deflection has been shown to be greater with
cut-bevel needles when compared with pencil-point
needles, and the bending of the tip is also assumed
to cause this deviation more easily (Sitzman et al.
1996, Kopacz et al. 1995).  Therefore, the use of
pencil-point needles and that of an introducer
needle might be beneficial with regard to directional
properties, which is related to a lower failure rate.
However, because the use of the introducer needle
was not part of the protocol in most of these studies,
its significance could not be evaluated in more
detail.  The incidences of blood-tinged CSF and
that of paraesthesia were in accordance with earlier
studies (Horlocker et al. 1997).  It is suspected that
distorted tips of the Quincke-type needles may
more easily cause damage to the subaracnoid
stuctures than the noncutting pencil-point needles.
This may be one explanation for a more frequent
blood-tinged CSF induced by Quincke-type
needles demonstrated in the present study.  On the
other hand, the elicitation of paraesthesia was more
common with pencil-point needles (Sprotte-type),
possibly because it has to be inserted deeper than
Quincke-type needles.  In fact, all the seven cases
of damage to the conus medullaris during spinal
puncture occurred when using a pencil-point needle
(Reynolds 2001).  In spite of the benefits of the
pencil-point needle mentioned above, the possible
more frequent existence of nerve damage associated
with their use has to be considered as a disadvantage.
Only a few studies of the feasibility of the double-
hole pencil-point needle have been published (Tryba
et al. 1996, Palas 1997). The only technical benefit
of the 26-gauge DHPP needle is a quicker backflow
of CSF as compared to that obtained with a 27-
gauge SHPP needle, but the clinical relevance of
this is minimal.  Blocks induced via DHPP and
SHPP needles showed the same distribution of
anaesthesia.  It is concluded that DHPP needles have
no advantages over SHPP needles.
9.1.2 Continuous spinal anaesthesia
The CSA technique employing a catheter-over-
needle system had a high failure rate (IV).  This
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finding is in contrast to those of previous studies
testing this particular technique (De Andrés et al.
1999, Muralidhar et al. 1999). In the present study,
the identification of the epidural space by a
Crawford-type epidural needle turned to be difficult
for elderly patients.  A high incidence of
unintentional dural taps was also observed, but no
case of PDPH was reported in this study.  However,
it has to admitted that the follow-up period lasting
only 24 hours is too short to detect this symptom
reliably.  The identification of the epidural space
may be easier with a paramedian approach, but then
the oblique direction would most probably cause
problems when inserting the catheter-over-needle
system through the epidural needle. Therefore, a
midline approach to facilitate the spinal catheter
insertion was used in this study.  Furthermore, the
catheter in this set turned out to be suspectible to
damage during the insertion, possibly increasing the
risk for failure.  Because of many technical problems
of the use of this technique, other more simple
techniques for CSA should be preferred.
A recent study indicated a frequency of 8.3 %
for macroscopic bloody CSF by the needle or the
catheter during the performance of the CSA block
(Horlocker et al. 1997), which is somewhat lower
than in the present study.  On the other hand,
microscopically evidenced blood, not always visible
to the eye, in CSF was observed in 26 % when
aspirated through an intrathecally placed 22-gauge
catheter (Lindgren et al. 1995).  In the present study,
paraesthesia associated with the performance of the
CSA technique occurred a little more often than in
the study by Horlocker et al. (1997), who reported
an incidence of 17.2 % when using both “macro“
(20- or 24-gauge) and “micro“ (28-gauge) catheters.
In accordance with the present study,  Van Gessel
et al. (1995) demonstrated a similar high frequency
of paraesthesia elicited by CSA with the use of 20-
gauge catheters.  It is doubtful whether blood tinged
CSF or the elicitation of paraesthesia is associated
to any postoperative problems.  However, according
to some studies (Horlocker et al. 1997, Auroy et
al. 1997), the existence of paraesthesia may be
related to neurological deficits, and therefore CSA
is not recommended.  Because CSA is a more
susceptible cause of subarachnoid bleeding than
SPIN block, it should be avoided for patients with
even a moderate predisposition of bleeding. Extra
precautions are also warranted when
trombophylactic drugs are used. The feared risk for
PDPH has decreased the popularity of CSA.
However, in elderly patients the risk for PDPH is
minimal, and in some centers CSA is routinely used
for major orthopaedic surgery.  Surely a meticulous
technique, as well as the patient follow-up are
mandatory in order to avoid problems.
Additionally, a systematic patient follow-up is
required in order to ensure a sufficient postoperative
analgesia and to detect any malfunctioning of
continuous spinal infusion.  In experienced hands,
CSA technique is safe and feasible for certain patients
and types of surgery.
9.1.3 Combined spinal-epidural
anaesthesia
In order to improve the safety and feasibility of
SST for the induction of CSE, new equipment are
developed and introduced on the market (Rawal et
al. 1997, Cook 2000). An interlocking device has
been added in order to stabilize the position of the
spinal needle inside the epidural needle during the
spinal anaesthetic injection. Any benefits of such a
device could not be shown in the present study as
it was associated with a very high failure rate (V).
By contrast, a recent large-scale testing of this
technical modification demonstrated its usefulness
with a failure rate of only 1.3 % (Hoffmann et al.
1997). The needle set employed in the present
study, included a special ratchet-like interlocking
device which proved to be fragile in cases when the
spinal needle had to be withdrawn.  Moreover, the
loss-of-resistance syringe made out of glass was heavy
to handle, which made the identification of the
epidural space insecure.  A lighter plastic syringe
may improve the handling conditions.  It can be
speculated that a possible additional cause of failure
was the fact that the aspiration of CSF in order to
confirm the correct position of the spinal needle
tip, was not performed.  In addition, one case of
epidural catheter migration intrathecally, occurred
with SST in this study, probably facilitated by a
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preceeding dural tap with the epidural needle. The
risk for this potentially serious complication, if
unrecognized, has been tried to  minimize by
creating a separate opening (backeye) at the curved
Huber tip of the Tuohy needle for the passage of
the spinal needle.  In fact, the SST set with this
feature proved to be quite feasible in the present
study. A modification including both a plastic sleeve
on the spinal needle and a locking mechanism
(turning knob) has been tested (Sippel et al. 1995).
The results have been promising and similar to the
results of the present study utilizing the
corresponding CSE technique without a lock.
Because of the increased and enthusiastic focus on
SST, comparisons with the “classic“ DST seem to
have been forgotten. In the present study, no
difference in the technical performance time was
observed between SST and DST.  Casati et al.
(1998), however, found that SST was quicker to
perform. Although statistically significant, the time
saved by these investigators, about 7 minutes on
average, may be only of limited clinical relevance.
Overall, there is no compelling evidence, e.g.
regarding time-saving or the occurrence of
complications, showing the superiority of SST over
DST.  Therefore, the latter should not be omitted
or forgotten.  It is still a reliable, safe and inexpensive
alternative.  With increasing popularity the prices
of the sets for SST have clearly reduced, and
currently the price difference between SST and DST
is modest.  In order to perform a successful dural
puncture with SST, the epidural needle should be
properly directed.  Therefore, a midline approach
(V) should be used with the epidural needle, because
an oblique position may prevent the spinal needle
from finding the subarachnoid space.  Because SST
involves many technical problems and some
potential dangers, DST enabling the confirmation
of the correct position of the epidural catheter, may
be preferred.  However, when a rapid anaesthesia
or pain relief is required (e.g. labour pain), SST
with a small dose of local anaesthetic or opioid
might be more useful in experienced hands.  Patient
satisfaction is also assumed to be better with SST
than DST.
9.2 CLINICAL CHARACTERISTICS
The use of noncutting pencil-point spinal needles
has become more popular because of the lower
incidence of PDPH (Halpern and Preston 1994).
The use of these needles, with an opening on their
side, has been suggested to affect the distribution
of local anaesthetic in the subarachnoid space
(Greene 1985).  Experimental as well as clinical
studies have shown unidirectional initial
distribution of the iso- or hyperbaric local
anaesthetic (maldistribution) in cases where the
needle orifice is facing caudad and the injection rate
is slow  (Beardsley et al. 1995, Urmey et al. 1997).
This could lead to an increased risk of neurotoxicity
when large doses of local anaesthetic in a hyperbaric
solution are used (Freedman et al. 1998, Loo and
Irestedt 1999, Keld et al. 2000).  The DHPP needle
was manufactured to provide a more uniform
subarachnoid spread of the local anaesthetic.
During conditions of the present study, i.e. injecting
a hyperbaric solution with either the SHPP needle
with its orifice facing caudad or the DHPP needle
with its openings facing caudad and cephalad, and
turning the patient supine immediately after the
injection,  the level of the resulting sensory analgesia
was similar in both groups.  This finding is in
accordance with those of the initial tests of the
DHPP needle (Tryba et al 1996, Palas 1997).   It is
concluded that the DHPP needle does not offer
any advantage with regards to the spread of the spinal
block.  In general, spinal anaesthesia with SHPP
needles is a safe and reliable technique with only
rare problems and a low failure rate.
When comparing different CSA techniques  (IV),
it was observed that the sensory level of analgesia
was slightly higher when a 24-gauge catheter was
used instead of a 28-gauge catheter.  Due to the
directional effects of the Tuohy-type needle, the
catheter may turn cephalad more easily.  This is
supported by the findings that 20-gauge catheters
introduced through Tuohy-type needles involve a
lower risk for caudad misplacement (Van Gessel et
al. 1993, Denny and Selander 1998).  The
interindividual range of the dermatomal anaesthesia
level was widest when the 28-gauge catheter was
used, a finding leading to the assumption that the
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positioning of a microcatheter is unpredictable
(Standl and Beck 1993, Van Gessel et al. 1993).
However, the differences in the level of analgesia
induced through different catheters were not
statistically significant (IV), suggesting that the
distribution of subarachnoid local anaesthetic is not
related to the dimension of the spinal catheter per
se. Haemodynamic problems occurred significantly
more often with continuous techniques as
compared to the single-shot spinal technique,
probably because these patients were often elderly
undergoing a major operation with some blood loss.
However, in groups of elderly patients with similar
cardiovascular functional states, haemodynamics are
similarly affected by CSA and SPIN anaesthesia
when plain 0.5 % bupivacaine is used (Pitkänen et
al. 1992, Lundorff et al. 1999).
Irrespective of whether CSE is induced by SST
or DST, analgesia reaches similar levels (V). A high
incidence of hypotension and bradycardia as well
as breathing problems was observed in patients
subjected to CSE (VI).  These complications may
in part be due to the use of an epidural test dose
presumably extending the sympathetic block
induced by spinal anaesthesia.  An epidural injection
may temporarily compress the dural sac displacing
the local anaesthetic in the CSF cephalad (Stienstra
et al. 1996, Takiguchi et al. 1997).  This may have
been the cause of the case of asystole which occurred
after the injection of both the intrathecal spinal
anaesthetic dose and the epidural test dose.
Although the use of a traditional epidural test dose
in SST has been criticized and questionned (Rawal
et al. 1997), it may still have a role in the detection
of an inadvertent intravascular catheter placement.
Furthermore, if an epidural test dose containing 80
mg lidocaine or 15-20 mg bupivacaine, would be
injected subarachnoidally soon after the correctly
placed spinal anaesthetic dose, an unusually rapidly
spreading block should alert the anaesthesiologist
that a potentially life-threatening complication may
have occurred.  Therefore, a sufficient time should
elapse after the injection of the spinal anaesthetic
before any top-up doses may be administered
through the epidural catheter.  Furthermore,
repetitive aspiration tests have to be performed, and
epidural dosing with local anaesthetics should be
incremental always continuously checking the level
of analgesia and haemodynamics.  DST seems to
be preferential for this reason.
9.3 MICROSCOPIC
EXAMINATIONS
The 13 % incidence of damage to the tip of
Quincke-type needles was similar to that in an
earlier study which, however, could not relate the
deformation to the number of bone contacts
(Benham et al. 1996). By contrast, no Sprotte-type
needle was found to be deformed after bone contact
in the present study. As found also in another study
(Campbell et al. 1996), the tip of the Whitacre-
type needle, which is more cone-shaped than that
of the Sprotte-type needle, was observed to have
become blunted in 20 % of cases (V).  DHPP
needle (III) was also found to be vulnerable to
distortion and, in fact, the tips of unused needles
were observed to have cracks and to be uneven.
Microscopy demonstrated that manufacturing
defects of  spinal needles are common and, as a rule,
such defects seem to be less frequent with the
presently used pencil-point needles than with
Quincke-type needles (Parker et al. 1997).  The
clinical relevance of the distorted tips of spinal
needles is still doubtful.  It might be suspected that
deformed needles, especially regarding the cutting
Quincke-type design, may be one causative factor
for the higher incidence of blood-tinged CSF
observed during performing the spinal puncture.
Furthermore, the uneven appearance of these needle
tips is assumed to cause tissue coring more easily.
Thereby, subarachnoid contamination and
inflammation may occur when these damaged
needles enter the intrathecal space.  Finally, the
bending of the needle tip is suggested to increase
the needle deflection during insertion leading to an
increased risk for failure.  In these respects, the
Sprotte-type spinal needle appears to be the most
preferential.
In the needle-through-needle set (group 1 in
study V) without a backeye, some minor scratches
were  noted on the interior surface of the epidural
needles, corresponding to the passage of the spinal
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needle.  Otherwise, epidural needles as well as
catheters were without any material damage when
exmined after use. By contrast to the findings of
Eldor et al. (1991) no notches indicating a potential
risk for the deposition of metallic particles in the
epidural or subarachnoid space were observed in this
study. Moreover, it has to be emphasized that when
using SST, the incidence of tip damage of the spinal
needles is much lower than using the more
common SPIN technique.  This is due to the fact
that in SST, the epidural needle acts as a long
introducer, thus minimizing the risk for deforming
the spinal needle during the insertion through the
epidural needle.
A detailed inspection by SEM revealed
manufacturing defects on the tip of the 22-gauge
nylon spinal catheters included in the catheter-over-
needle system (IV).  After their use in patients, the
tips of this catheter type appeared to be distorted
corresponding to the recorded occurrence of bone
contacts during  advancement of this catheter-over-
needle system.  It can speculated that when the spinal
needle suddenly meets bone, the overlying catheter
may easily slide foreward over the needle tip to
become deformed when hitting bone. Stretching
or breakage of catheters did not occur in this study.
It has been shown earlier that especially the 32-gauge
polyurethane catheters are vulnerable to this kind
of damage during the removal process (Pitkänen et
al. 1992).
In study II, tissue particles were observed to
adhere to almost half of the spinal needles with no
differences between the different needle designs. The
most prominent attachements were found on
Quincke-type needles. A 75 % incidence of tissue
coring has been  reported  (Brandus et al. 1968).
More recently, Quincke-type needles were shown
to adhere foreign bodies more frequently than
Whitacre-type needles (80 % vs. 41%) (Campbell
et al. 1996). The adhered material consists of cell
clusters and tissue particles from all layers penetrated
by the needle, as well as disinfectant agent from the
skin (Rosenberg et al. 1996).  According to the
results of SEM, the orifice of the Sprotte-type
needle, which is rounded and has smooth edges
adheres less tissue particles than the Whitacre-type
needle, the orifice of which is sharp and rough.
Thereby, of the presently available needles, the
Sprotte-type design seems to be most beneficial
with regard to tissue coring, as well as tip distortion.
The clinical relevance of tissue coring  is largely
unknown.  However, any subarachnoid
contamination, possibly causing arachnoiditis
should be avoided.  Also intrathecal epidermoid
tumours may be related to the spinal puncture, but
the number of cases is quite low to make any
conlusions or recommendations.
9.4 POSTANAESTHETIC
SEQUELAE
In the comparative clinical studies I and III, the
incidences of PDPH  were 2.5 % and 2.3 %,
respectively, without being related to the needle
design.  This is in accordance with earlier studies
with 27-gauge spinal needles (Mayer et al. 1992,
Lambert et al. 1997).  However, with regard to the
tip design of these thin  needles, the results of  these
studies are conflicting.  Some studies have failed to
reveal a significant difference in the incidence of
PDPH (Lynch et al. 1994, Hafer et al. 1997), while
one study demonstrated that the pencil-point
needles will significantly reduce PDPH when
compared to the Quincke-type needle, also when
27-gauge needles are used (Flaatten et al. 2000).
Although in study VI, the incidence of PDPH was
unrelated to the tip design (Quincke 1.17 % vs
Sprotte 0.43 %) (ns), it can be speculated that a
larger patient material might reveal a difference in
favour of the Sprotte-type needle.  Due to the
overall low incidence of PDPH in the present study,
no conclusions can be made regarding its
dependence of gender and age.  Following dural
tap with a 16- or 18-gauge epidural needle,  PDPH
was common frequently necessitating an epidural
blood patch.  In the CSE study (V) the incidence
of PDPH was 2.2 % being similar to other studies
(Cook 2000).  On the other hand, there was no
PDPH in the CSA study (IV), indicating that the
use of macrocatheters (22-24-gauge) is safe in this
respect (Denny and Selander 1998).  However, the
patient follow-up lasted only 24 hours in that study.
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Overall, there was no statistical difference in the
incidence of PDPH when comparing SPIN, CSA
and CSE techniques (VI).
The significance of spinal needle tip deformation
remains open.  It has been shown that a bent or
even a hooked metallic tip does not cause the dural
lesion to become larger, as might be expected
(Jokinen et al. 1997).  Moreover, this is confirmed
by this study because there were no differences in
the incidence of PDPH whether the spinal needle
was damaged or not (I). Therefore, new
pathophysiological factors are warranted to explain
the aetiology PDPH.  It could be speculated that
damaged needles with a cutting tip could cause
more bleeding and other damage to the
subarachnoid structures, and more foreign material
would be attached to these needles possibly causing
intrathecal contamination inducing some
inflammatory processes (arachnoiditis).  These
factors could be assumed to be responsible for
various neurological side-effects, but a causal
relationship is difficult to prove.
The incidence of TNSs varied between 0 - 2.8
% in the comparative studies (I, III, IV, V).  The
aetiology and even the existence of transient
neurological symptoms (TNSs) is still largely
debated (Gisvold 1999).  They have commonly
been shown to be associated with the use of
lidocaine as a spinal anaesthetic agent (Tarkkila et
al. 1995, Freedman et al. 1998, Keld et al. 2000).
Recent studies of SST for CSE block  demonstrate
that there is no risk for metal toxicity due to
expected friction between the spinal and epidural
needles (Herman et al. 1996, Holst et al. 1999).
Also the clinical relevance of tissue coring has been
doubtful but, lately, its importance has been re-
evaluated because of many cases of lumbar
epidermoid tumours during the past fifty years
(Reina et al. 1996).  According to microscopic
studies after the lumbar puncture, the Sprotte-type
spinal needle with a noncutting tip and smooth and
rounded edges of the side opening appears to be
most beneficial in this respect because it adheres
least tissue particles.  This result is in accordance
with an earlier finding that cutting Quincke-type
needles have the most prominent tissue attachments
after the puncture (Rosenberg et al. 1996).
The large prospective study (study VI) confirms
that major complications are extremily rare after a
central block.  However, the response rate in that
study was quite low, decreasing the power of the
study. It is possible that many patients, who did
not return the questionnaire, may have had some
neurological signs or symptoms as well. According
to several large prospective or retrospective follow-
up studies, the frequencies of permanent (0.04 –
0.1 %) and transient (0.04 – 0.6 %) neurological
symptoms have remained unchanged for the last
fifty years (Dripps and Vandam 1954, Vandam and
Dripps 1955, Dahlgren et al. 1995, Aromaa et al.
1997, Auroy et al. 1997, Horlocker et al. 1997).
In this study VI, also minor and transient
neurological deficits, as well as other possible side
effects were recorded, explaining the relatively large
numbers of complaints. The incidence of decreased
sensation of the skin postoperatively, was
unexpectedly common (Table 8).  Unfortunately,
it was not possible to determine whether these
deficits were due to the damage to nerve roots or
peripheral nerves. The patient follow-up did not
reach beyond the 7. POD.  However, if the patient
would have had a clear neurological disturbance or
persistent pain later, the investigators would surely
have been consulted.  Moreover, all the patients were
advised orally and in writing, to contact any of the
investigators, if necessary.  This never occurred, and
it can be expected that all possible side-effects still
prevailing one week after surgery were thus mild
and transient.  Postoperative sensory disturbances
occurred much more frequently after the continuous
catheter techniques.  It could be partly explained
by the continuous analgesic infusion per se, at least
for the symptoms of the first 24 hours, but as these
symptoms were quite common, also after the single-
shot spinal anaesthesia (about 25 % on the 1.POD),
there should be some other factors responsible as
well.
In the present study, there was no causal
relationship between any block performance
problem and postoperative sequelae.  Not even the
elicitation of paraesthesia was shown to increase the
frequency  of neurological symptoms, a causal
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relationship which has been demonstrated in some
earlier studies (Auroy et al. 1997, Horlocker et al.
1997).  Nor was there any association between the
material damage of the equipment used to perform
the block and postanaesthetic sequelae.  On the other
hand, nonanaesthetic factors in the search for reasons
of postoperative sequelae have to be taken into
account (Renck 1995, Bromage 1997).  In the
present study (VI), there seemed to be an obvious
causal relationship between the lateral patient
position during surgery and the occurrence of minor
neurological deficits such as numbness and pricking.
All the patients undergoing a hip arthroplasty were
operated in the lateral position, and part of the
postoperative neurological deficits are presumably
being caused by femoral apraxia, which is clearly
related to this kind of surgical procedure.
Postoperative neurological deficits due to the
pressure from improper patient positioning, surgical
trauma or tightly applied casts or surgical dressings
are easily attributed to the spinal or epidural
anaesthesia, and present difficulties in reporting the
actual incidence, pathogenesis and prognosis of the
neurologic dysfunction that may be anaesthesia-
related (Horlocker et al. 1997).  In addition, the
use of a tourniquet may also be associated with the
appearance of musculoskeletal and neurological
symptoms. In a retrospective review of arthroscopic
procedures on the knee, two factors were shown to
be dominant predictors of postoperative
complications: the age and the tourniquet time
(Sherman et al. 1986).  Neurological side-effects
included postoperative hyperaesthesia or
paraesthesia in the operated lower extremity.  These
neurological problems, which were also observed
in the present study, were considered to be
preventable by decreasing the tourniquet time
(Sherman et al. 1986).
On the first postoperative day even one third of
the patients reported strong pain at the operation
area indicating that the pain control at the time
period was not adequate.  The one week surveillance
of the patients, based on their own subjective
assessment, is thought to be more reliable for
detecting postoperative pain than studies having a
limited follow-up of only the first 12 to 24 hours
after surgery.  However, it is possible that patients
suffering from strong pain after the operation might
be better motivated to return the postoperative
follow-up form (response rate was only 46.1 % in
study VI) than those with no complaints, probably
partly explaining the poor pain relief in the present
study. In order to reveal also minor untoward
symptoms and signs after a central block, to prove
the possible causal relationships between the block
or equipment related occurrences and postoperative
sequelae, as well as to improve the pain control, a
continuous regional anaesthesia follow-up system
is highly recommended.
Discussion
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10. CONCLUSIONS
Conclusions
1. The single-shot spinal block provides reliable and
safe regional anaesthesia for surgery on the lower
extremities.  The pencil-point needles, especially the
Sprotte-type design, appear to be the most
beneficial with regard to the success rate, incidence
of PDPH, needle tip damage and tissue coring.
There was no difference in the spread of spinal
anaesthesia whether the hyperbaric bupivacaine had
been injected through a pencil-point needle with
one distal side opening (SHPP) or with two
opposite side openings (DHPP).  Modern CSA and
CSE techniques seem to be difficult to perform
because of a high risk of technical failure.  Technical
and clinical problems were more frequent with the
continuous techniques than with the single-shot
spinal block.  In major orthopaedic surgery of the
lower extremities, it does not seem to be possible
to avoid haemodynamic problems by using CSA
or CSE techniques.  In CSA, the thickness of the
catheter (22-, 24- or 28-gauge) had no influence
on the spread of bupivacaine spinal anaesthesia.  SST
for CSE does not seem to possess any obvious
technical or clinical advantages over the DST.
Technical problems were quite frequent (37 %) with
the SST set equipped with a ratchet-like locking
device for the spinal needle.
2. After clinical use, 6-13 % of the Quincke-type
spinal needle tips were distorted due to bone contact.
However, the Sprotte-type design appears to be very
resistant to such a damage.  Tissue coring and
attachments of various kinds of tissue structures to
the bevel and the tip of the spinal needle appeared
to be most prominent with the Quincke-type
design.  The microscopic examination revealed
some manufacturing defects and material
irregularities of the DHPP needle tips and also on
the catheter tip of the catheter-over-needle system
used for CSA.
3. The incidence of PDPH was similar after the
use of the three neuraxial block techniques (SPIN
0.9 %, CSA 1.5 %, CSE 1.7 %).  The incidence of
neurological sensory disturbances in the continuous
prospective surveillance of  patients was high,  25-
52 % on the first postoperative day, and 6-17 %
on the seventh postoperative day.  These side-effects,
being mild and transient, seemed to occur more
frequently after the catheter techniques (CSA and
CSE).  The systematic follow-up also revealed that
5.6 % of the patients, who had orthopaedic surgery
of the lower extremity, reported strong
postoperative pain still one week after the operation.
4. The material damage of the needles and catheters
was not associated with any postoperative signs or
symptoms.  Moreover, postanaesthetic sequelae did
not seem to be related to any technical problems
(i.e. elicitation of paraesthesia) during the
performance of the block.  On the other hand,
postoperative sensory disturbances were related to
certain non-anaesthetic factors, such as the use of
the lateral side position during surgery, and the use
of a tourniquet.
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Appendices
Appendix 1. Block performance form (study VI) (translation).
SPIN / CSA / CSE
Male / Female Catheter insertion:  normal / difficult
Age: CSF:  clear / blood-tinged
Neurological disease:  Yes / No Needle paresthesia: Yes / No
Patient position during block performance: Catheter paresthesia: Yes / No
Intraoperative patient position: Success: Yes / No
Needle type: General anesthesia: Yes / No
Needle size (gauge): Intraoperative problems:
Catheter type and size: Blood pressure Yes / No
Number of used needles: Heart rate Yes / No
Needle approach: Breathing Yes / No
Skin infiltration with local anesthetic:  Yes / No Position Yes / No
Introducer needle:  Yes / No Apprehensiveness Yes / No
Number of skin punctures: Emesis Yes / No
Number of bone contacts: Other Yes / No
More detailed description of the registered problems and symptoms:
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Appendix 2. Patient follow-up form (study VI) (translation).
1. 2. 3. 4. 5. 6. 7.
Sense of touch in Normal
the lower extremities Decreased
Pricking sensation in Yes
the lower extremities No
Pain in No
the lower extremities Mild
Strong
Nausea Yes
No
Vomiting Yes
No
Urinary retention Yes
No
Headache No
Mild
Strong
Headache when Yes
sitting up No
Is the headache Yes
posture dependent? No
Any other comments:
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14. ORIGINAL PUBLICATIONS (I-VI)
Errata
Original publications
Reprinted with permission.
Study VI,  in table 1 under CSA in the second column.  “Quincke-type 19-gauge“ should be
Tuohy-type 19-gauge.
In table 3 under needle size.  The corresponding figures to 27-gauge and 29-gauge
should be 1986 ( 76.3 ) and 3 (0.1), respectively.
In table 4 marking (*) should be omitted after the word “catheter“.  Numbers “61 (20.9)“
under CSE in the line corresponding the word catheter should be changed to 34 (11.7).
